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PREFACE. 



I PEEL that the appearance of my name as anthov of 
a book on Antesthetice requires some few words of 
explanation. It may seem at first sight an anomaly 
that Huoh a work should not proceed from the pen of^ 
a specialist in this department of medicine, and, 
possibly, I may be taxed with presamption, on the 
grotind that the iask I have undertaken demands 
an extensive personal expeiieuoe, in order thiit the 
statements advanced may carry with them tbe ' 
weight of authority. 

This veiy natural oritioism may be disposed of at 
once by the avowal that I hare not relied upon my 
own reflonroes. In this partionlar my friend Mr. 
Woodhouse Braine ha8 been kind enough to read 
my mannsoript and oorreot, modify, or endorse its 
statements of practical detail ; it was the promise of 
his aseiBtanoe that emboldened me to und^-take the 
work, and it is the value of his authority that con- 
stitutes its principal claim to the notice of the 
profession. 

I catinot sufficiently thank my friend Mr. Bailey 
for assistance and odvioe most readily given, of 
which I have taken full advantage, more especially 
in the Appendix. Finally, during the last few years 
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of pleasant mntnal work at Leioesfer Sqoare, I have 
not &iled to gather many valuable hints from my 
colleagne Mr. Bird. 

I have therefore no fear that the following pages 
will he fonnd to lack the wisdom that is bom of 
experience, or to contain matter in any sense un- 
practical. I have made &ee use of the standard 
literature on the subject, sparing no pains to search 
out much interesting matter, hitherto scattered 
through the pages of journals and hidden away in 
the trausactionB of learned societies. 

I have thought it convenient to arrange such 
matter as qnoted cases, illu strati one, and descriptions 
of apparatos, and some other notes, which, although 
closely related to my subject, were not absolutely 
part of it, in a separate appendix at the end of the 
book, with the ohjeot of avoiding a continual inter- 
niption of the text, and of making the work readable 
and clear. 

Hy thanks are dne to the Secretary of the Boyal 
Humane Society for the loan of plates Figs. I and 2, 
illustrating Dr. Sylvester's method of artificial 
respiration; to Messrs. Maw, Son, and Thompson 
for the engravings bearing their name ; and to 
Messrs. Ash and Sons for the remainder of the 
blocks, and such descriptive matter relating to them 
as I have thought fit to use. 

Having explained my indebtedness to others in 
the production of this little book, I have, I trust, 
made it plain that I must look for praise or blame 
rather as having tlischargcd the duties, well or ill. 



of compiler than those of original antlior. My work 
hoa been principally one of selection and compariBon, 
the weighin g of opinions, tlie condensation of tTeatises, 
and the impartial statement of the views of various 
authorities, bat. not the putting forward of new and 
original views of my own. 

If I have performed this task jndioioQBly, I do not 
hesitate lo say that the value of the book is enhanced 
by the fact that the author, not being a speoialist, and 
having no pronounced views of his own to advocate, 
is content to sink his own individuality, and to 
discnes the views of others without bias or prejudice. 

With these few words of explanation and intro- 
duction, Heave the book in the reader's hands, with 
the sBenrancethatitcontainsto the best of my know- 
ledge no statement without anthoril^', and in the 
hope that, while the expert in the science and art 
of Ansesthetica will meet with nothing very new in 
its pages, it may prove of service to those who are 
not experts and feel in need of guidance. 



Arthub S. Usderwood. 



11, Bedford Square, W.C. 
September, 1885. 
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NOTES ON ANAESTHETICS. 



Intboddctort Eemarks. 
Almost every one hnowa that nowadays the terrors 
of a surgical operation are bo modified, by the 
employment of aDffisthetica, that puin has been prac- 
tically banished from the operating-room. The lay 
world can appreciate this as well «8 the profession, 
and if this diminishing or deadening of pain were 
the only benefit derived from anasethetica, we should 
still be inclined to legard their discovery as one of 
the greatest achievements of the century. But when 
we come to consider the number of operations that 
have been rendered possible by their help — opera- 
tions which have saved life again and again, yet 
which, if perfiirmed without an anasathetic, must 
have themselves caused death from shock; the 
benefits of the extension of time and the absence of 
any need for hurrying (rapidity being no longer a 
matter of great importance in the capital operations) ; 
the tranquillity of the patient, and the absence of 
after deprewion — it may safely be said that their 
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2 NOTES ON ANAESTHETICS. 

uee has not only diatuiescd pain from tbe operating 
tabic, but haB nW removeil many of the chancee of 
death that used to attend t])u use of the ^nife, and 
has brought within the reach of cure diseases which 

were otherwise boyoBd it. 

In the case of dental operations, the iBenee inTolveiJ 
are, comparatively speaking, small, yet there may 
exist conditions in which the acute agony of the 
exlraction of a tooth is sufficiont to cause absolute 
danger to the nervous sj-slem ; in all casoB it is 
undesirable to suffer needletiB j'ain, and though the 
tortures inflicted by dentists must be classed among 
minor troubles, yet tho antesthetist, when he 
obviates the necessity of these sufferings, confers 
a boon, tho value of which has I: eeu experienced by a 
large number of the human race. 

It is with a sense of proper pride that a dental 
surgeon considers the question of aufesthoticB, seeing 
that but for the experimental geniusof Dr. Wells and 
Dr. Morton, both American dentists, we might still 
be in the dark upon this important subject. As the 
histoiy has frequently been written, and the object 
of the present manual is simply to supply a practical 
want, it would be a waste of time and space to do 
more than summarise it here. Priestley discovered 
nitrous oside towards the close of the 18th ccntiiry, 
and Sir Humphrey Davy observed that it possessed 
anteatheticpiopertiesabout 1800; but his suggestion, 
timt it might be valuable in surgical operations, does 
not seem to have been acted upon at that time. 
In the year 184 4, Dr. Horace Wells, a Connecticut 
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dentist, observed this property of nitrous oxide, and, 
moreover, reduced it to practice by administering it 
in hie own surgery ; but the results in those early 
days, with an imperfect apparatus, were not alto- 
gether satiefectory. No doubt the discouragement 
which the world is always ready to shower upon all 
who advance new ideas, or try to improve upon old 
ones, was liberally bestowed upon Dr. Wells. At 
any rate he died a disappointed man, leaving the 
discovery In its infancy. 

Then Dr. Morton, a former partner of Dr. Wells, but 
who had, strangely enough, received no hint or sug- 
gestion from him, instituted a series of esperimente 
quite independently of his old associate, principally 
upon the lower animals, which resulted in the dis- 
covery of sulphuric ether. Much discomfort being 
experienced from the pungency of this agent, chloric 
ether was employed instead ; and &odi this Mr. 
Waldie.ofthe Apothecaries Hall, Liverpool, separated 
chloroform, which was first administered by the late 
Sir James T. Simpson, in the autumn of 1847^ 

For a time, nitrous oxide, which had had the honour 
of being first in the field, was eclipsed and almost 
forgotten. Meanwhile, the tide of fashion fluctnated 
between the other two aneesthetics. First chloroform 
superseded ether, because it was more i^eeable, 
then a few fatal cases frightened the public, and a 
rash was made in the opposite direction. Ether 
was pronounced less dangerons, because it did not 
depress the heart's action, but even stimulated it. 
This continued until 1861, when Mr. Lister (now 
b2 
„. ...v,.„..^le 
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Sir JoBepb) published an article in Holmes' ' Syetem 
of Surgery,' in which he attributed the dangers of 
chloroform to the omit'sion of a few simple precan- 
tions, and brought for«'ard the weighty argument 
of the actual results of the constaitt use of chloro- 
form at Edinburgh, and the absence of fatal cases. 
The Scotch school had admittistered chloroform on a 
napkin, without any S[>ecial inhaler, for many years, 
they had also disregarded the pulae, and watched 
only the respiration, for reasons which will be 
detailed presently; and certainly Syme, Lister, 
Chiene, and others could point to very wonderful 
results.* 

But in 1864, a committee appointed by the 
Medico-Chimrgical Society to investigate the sub- 
ject, published a report in the Society's ' Transac- 
tions,' much in favour of ether, as a less dangerous 
agent, principally because of its stimulaiing action 
on the heart. 

In 1870, Professor Lister again upheld the cause 
of chloroform, in an addition to his previoos article. 
Nine yearsl additional experience still found him in 
the happy position of being able to say that he had 
never lost a patient under chloroform ; moreover, 
Mr. Synie's long career of active practice presented a 
similar unbroken record of satisfactory results. 

ProfsBsor Lister's position seemed now a very 

strong one. He explained that, with certain pre- 

cantions, chloroform wew almost perfectly safe, he 

analysed the deaths that had brought the agent into 

See uote C, Appendix, p. S3. 
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discredit, and showed that necessary preoautions 
had prohably heea omitted ; moreover, he described 
some cases in which fatal results woaM probably 
have occnrred, had he himself not interfered to em- 
ploy the precautions omitted by the surgeon admin- 
istering the anfesthelio." Lastly, he described cases 
in which patients had died from shock when some 
accident had prevented the adxainistration of the 
ansesthetic and the operation had been performed 
without it-t He showed the flaws in his opponents' 
theories, he pointed out the errors in their practice, 
and then triumphantly turned to the record of those 
who followed his own method — a record unsullied by 
a single failure. 

While the rival merits of Ether v. Chloroform 
were being fought out by their several champions, 
protoxide of nitrogen, which bad pioneered the 
whole question of artificial antesthesia, was disused 
and forgotten. It is impc«sible to say who really 
first rescued it from the obscurity into which it had 
fallen, probably ]>, Q. D. Colton is entitled to that 
honour in America ; but as far as England is con- 
cerned, we owe our knowledge of nitrous oxide a 
second time to an American dentist. On the 31st 
of March, 1868, Dr. T. W. Evans, of Paris, having 
recently brought over the nitrous oxide gas to this 
country, exhibited its ansasthetio pi-operties at the 
Dental Hospital of London, and, moreover, assisted 

• See note E., Appendii, p. 88. 

i Had obloroform been given, uo doubt the fatal lenilt would 
Lave been atttibnted to its use. 
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the profeasion in every way to cany out further 
experiments on this subject.^ 

Committees were promptly appointed, by the 
Odontological Society, and by the committee of man- 
agement of the Dental Hospital, toact inconjtmction, 
and report npon the question. Their preliminary 
report was very favourable ; the rapid aosesthesia 
(averse from sixty-three to eighty-one seconds), 
the rapid recovery (about 120 eeconds aven^), the 
absence of after-effects, &o., were all dwelt upon. 

In November 1872 the committees published their 
full report, which was equally favourable. In the 
volume of the ' Transactions,' Odwnto Society, 1872-3, 
many papers and diBoussions, which are very in- 
teresting and instructive, show what a deep interest 
was taken in the subject of nitrons oxide, and how 
widespread its use had become in the four years 
tiiat had elapsed since its introduction by Evans, 
and from that time forward this agent became 
generally preferred to all others for dental operations. 
Wells who first used it, Colton who revived it in 
America, and Evans who brought it to England, 
were all dentists, and all Americans, For this 
invaluable addition to onr scientific pOBsessions, 
we therefore owe our transatlantic brethren a debt 
that can scarcely be over-estimated. 

In 1880 another committee, appointed by the 
British Medical Association, published a report of 
some very careful investigations, the general result 

* The date of this event is, by an obviouB ilip, ptaceij nine 
jeaiH too late in Mr. Coloman's ' Dental Burger;.' 
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of which was to show that ethidene dichloridc was a 
valuable agent, and that ether in a concentrated form 
might be admin istcrod without any depreBsing effect 
upon the heart's action. In their report, this com- 
mittee once more insisted upon the danger to the 
heart from the sedative action of chloroform. Sir 
Joseph Lister, however, again pointed ont that as 
far as chloroform was concerned, there was a 
source of error in the experiments that rendered this 
result quite valueless, because the chloroform had 
been administered through a tube fixed into the 
trachea, and, therefore, in a concentrated form, and 
he showed that what was thus demonstrated was 
not the danger attending the administration of 
chloroform, but the danger attending the do»e 
adminiglralion of it ; in fdot, he might have added that 
by a aystematic omission of all points essential to 
the safe administration of chloroform, the agent 
might, nay, would be rendered dangerous to life. 

The more recent and less known ansestheticB need 
no mention here. The data, at present accessible, are 
not sufficient to enable any one to pronounce a very 
definite opinion upon their merits. 
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CHAPTER IL 

GkNGRAL CONSlDllIlAriON9. 

BisrORK turning our attention to the aeveral EtnGes- 
thetic agents, which are in common use at the present 
day, it mil be advantageous to consider the phyeiolu- 
gical effect! of antesthetics in general, and the pie- 
cautions that may be considered indispensable to the 
eafe administration of any of them. 

The eontinuoug inhalation of certain vapours, 
known, as ansesthetics, paralyses the nerve centres in 
a certain order. 

1. The ceTebrum; destroying volition, so that action 
is no longer designed or controlled by the intelli- 
gence of the individual. 

2. The tensory centres of the eord, after which move- 
ment is erratic, and not even responsive te a sensory 
stimulus, 

3. TTie motor centres of the eord, after which move- 

And, lastly, Ihe sensory end motor centres of the 
medulla, after which respiration, the heart's action, 
and all the functions of life cease. 

If the cerebrum only has been paralysed the 
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irritation of n senaory nerve will produce a reflex 
muscular action, ae in the case of the tmconscious 
winking of the eye-lid when the conjunctiva is 
touched, the patieut'a power of feeling ie already 
gone in one sense, that is, his brain is no longer 
aware of the touch, nor doea he remember it, but his 
reflex apparatus is still intact. If his finger be pricked 
he will uncunsciously withdraw it ; if severe pain be 
inflicted he will unconsciously struggle. The very 
manner of his struggling shows that his movements 
are not under the control of hia brain proper ; lie will 
do things for which he is irresponsible, and which he 
would not do were his brain unclouded, and which 
he will never remember because they have left no 
record there. The struggle or scream may be 
exactly synchronous with the injury, but beyond a 
few habitual actions there is nothing peculiar to the 
individual, or directed by his will in what he does. 

A stage later and the connection between the 
sensory centres aod the motor centres ie broken ; any 
movement now is quite irrespective of injuries 
received ; it ia perfi:ctly random and irregular ; 
twitohings of the extremities, opisthotonos, rolling 
of the eyes, and many other muscular phenomena 
may occur, but they are quite independent of any- 
thing that is done to the patient. 

A stage later still, and the motor centres arc 
involved, and nothing remains at woik but the 
cardiac and respiratory centres ; there is no move- 
ment but the movement essential to life ; and this 
is the most favourable moment for operation. 
B 3. 
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Tlio various centres recover their powera ia 
inverse order. 

Before a patient takes an aneesthetic for a long 
operation, it is of importance to observe oertaia 
useful rules with regard to the taking of food and 
stimulants. I think I shall do well in this connec- 
tion to quote Mr, Braine'a words verbatim ; — 

" Although I am a great advocate for having the 
stomach entirely empty, the patient must not be 
allowed to become faint for want of food. Should 
the operation take place before 9,30 a.m., no food of 
any kind should be given ; but if it be the u^ual 
ouatom of the patient to take a cup of tea or cocoa 
about 7, this may be allowed, for having become a 
habit, it will be missed, and faintness bo produced 
by its omission. If the operation be between 11.30 
and 2, let a light breakfast be taken about 8, if that 
!« the patient's regular hour ; but if no meal bo 
usually taken till 9.30 or 10 o'clock, then let break- 
fast bo omitted altogether, and a small cup of soup 
or boef-tca three hours before the time of operating. 
Never allow the breakfost to be given before the 
usual time, for in this case digestion does not take 
place, and vomiting always follows the operation. 
Should the surgeon fix on the afternoon, let an 
ordinaiy breakfast be taken, and the soup or beef- 
tea be given at 12; on no account let the patient 
become faint ; any tendency in this direction should 
he combated by the administration of a small 
quantity of brandy and water." 

A great advantage of the early hour (before 
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breakfast) fur administering the anseetlietic, is that 
there is less time for the patient to think over the 
approauhing opemtion, and frighten himself about it. 

It is 8S well for alL parties concerned that- the 
bladder and reotam should be emptied before 
administering the aneesthetic. 

It is always necessary for the administrator to 
look in the patient's month to see if he wears 
artificial teeth, and if so to remove them--except 
in the case of large sets united by springs which 
are loo large to get down the throat. In a dental 
case, of course, the operator would have discovei-ed 
this beforehand. 

Before operating it is as well for the administrator 
to try the faoe-piece on his own face to see that it 
is ih working order. 

In case of syncope a few whifis of nitrite of amyl 
is an excellent restorative. 

The ansesthetist should always be provided with 
tongue forceps, dressing forceps, scalpel and tracheo- 
tomy tube, probang, nitrite of amyl capsules, e»u de 
Cologne, and gage. The most convenient forms of 
these appliances are illustrated in the Appendix. 
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CHAPTER III. 

Nitrous Oxide Gas, 

For ^ort operations, iuchidbig almost all that fall 
within the sphere of dental practice, nitroua oxide 
gas is the beat aniesthetic at present known to the 
profeEsion. The after effects are usually eo alight 
that they are scarcely worth considering. The ad- 
ministration is attended with hai'dly any appreciable 
discomfort to the patient, excepting in some rare 
cases. Lastly; the risk to life is so small, that it 
may safely be said that supposing a cardiac con- 
dition existed that rendered nitrous oxide gas a 
dangerous agent, in such a case any operation, even 
the esti'action of a tooth withoat an anaeslhetic, would 
be attended with still greater danger. To put the 
owe in other words, every short operation becomes 
less dangerous to life when performed under gas 
than when the ansesthetio is not employed. 

Dr. Snow said that every case for operation waa 
a case for an antesthetic, and no doubt he was not 
far wide of the mark. Of course, if a condition ex- 
isted in which to sit down on a chair a few inches 
lower or higher than was expected would cause 
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death from shock, such & patient might die tinder 
the gaB, but it must he remembered that, iu a case 
of this kind, the extraction of a tooth without gas 
would as certainly cause dealh. The gas ad- 
ministered with ordinary care by some one whose 
entire and undivided attention is devoted to its ad- 
ministration, lenders lees, and not greater, the risk 
to life, if any such risk be supposed to attend the 
extraction of a tooth. No one seriously dreads any 
danger to life from such an extraction, yet a more 
acute shock cannot ■»:ell be conceived. There are 
many conditions of the heart which render a shock of 
any sort oiceedingly dangerous — serious, yet unsus- 
pected conditions, in which the heart, although doing 
its utmost, is overtaxed ; as for example, when disease 
has enfeebled its powers, when its walls that should 
be muscular, are mostly fat, or when its valves do not 
act properly. Under such conditions a man is living 
on sufferance, for the slightest increase in his heart's 
beat, or the sliglitest extra pressure, may force the 
already enfeebled organ to make its last desperate 
effort to meet the strain, when it fails and death 
ensues. I have known cases in which the effort of 
getting out of bed has been fatal to the already over- 
burdened heart ; in such cases the extraction of a 
tooth would very likely be followed by instant 
death, bnt the risk of death would be diminished 
by the administration of nitrous oxide gas. 

The first time chloroform was proposed to be ad- 
ministered at Ediubui^h, Mr. Simpson had arranged 
to give it on a certain day. He was, however, un-. 
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ftToidably prevented from attending ; the operation 
was proceeded witli without the aneBthetic, and at 
the first inciaion the patient died. Chloroform might 
have saved this patient from the fatal shock, but it 
certainly could not have added any risk to the opera-, 
tion, although had it been given and had death eu- 
sned, the antesthetic would no donbt have received 
all the blame. 

The number of lives that have been saved by 
means of annathetics, from an almoBt certain death 
from ehock, is probably very great, while of the 
deaths that have occurred during artiScial anees- 
thesia, it is not too much to say that several of them 
would have been certain to have occurred had the 
anaesthetic not been used ; that they ooourred tn gpite 
of its use, and not in consequence of it. 

It is to be observed that this statement applies 
only when the anteathetic is properly administered. 
The precautions necessary to its safe administration 
are very few, biit they are all essential, and if any of 
them be disregarded, the element of risk to life is 
introduced, and the security of the patient is no 
longer assured. Some of these essential precautions 
are repeatedly omitted ; happily, untoward resttlts 
of carelessness or ignorance have been very rare, bat 
a risk altogether unnecessary has been run in every 
such case ; the patient has, in happy unconsciousness, 
been dangerously near death, while the operator has 
stood with only an accident between him and a very 
paintiil event, and chance has kindly stepped in to 
the rescue. 
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It is tie exact nature of theae few precaationa 
tbttt I wish to lay clearly before the reader, and this 
is the main object of thie book. 

Ist. The person wko adminitlerg the gas ghovM have 
nothing el«e to do during the operaliim. 

His undivided attention must be ooncentratod 
throughout upon the patient's condition. No one 
should talk to him or disturb him. Never under 
aDy circumstances ehould the operator administer 
the antesjlietio himself ; the danger of slich a pro- 
ceeding cannot be exaggerated. A patient has been 
known to die during the estractiou of a tooth tcilhout 
the operator ktwwing it ; his attention has beeti entirely 
absorbed by the extraction, and he has not noticed 
that death has already taken place. This reflection 
becomes terribly painful when we remember that, 
had a competent administrator been watching tho 
case, he would have stopped the operation, pulled 
forward the tongue, and forced the patient to take 
a full deep inspiration, and all would, most likely, 
have been well. When accidents, dangerous to life, 
occur during the administration of nitrous oxide gas, 
or any other anaisthetic, the forcible pulling forward 
of the tongue and the administration of nitrite of 
amyl, within a few seconds after unmistakable signs 
of something UDusttal in the breathing have appeared, 
will \Q almost every case remove the difficulty; but 
ehould the only person present be occupied with the 
tooth, an obstruction to respiration may occur which 
may easily result in death if not promptly relieved. 
It is, therefore, a rule never to be broken, that one 
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person should administer the gas and another extract 
the tooth, and any one who attempts to perform both 
operations himself is not only without sufficient ex- 
cuse, but greatly to blame, should an accident occur. 

2iid. The admiw'itrator th<mld tealeh with unremUmg 
vigilance Ihe patient' » breathing. 

He should never trust 1o the pulse as a source of 
warning to him of possible danger. The results of 
innumerable experiments, carefully conducted by 
various committees and private individuals, point 
t» one all-important fact, namely, that if nitrous 
oxide gas be administered sufficiently to produce 
death, respiration ceases many seconds before the 
heart's action; moreover, that immediately after 
the cessation of breathing, artificinl respiration is 
generally successfiil. If, therefore, the pulse only 
is relied on, the first warning of danger may be the 
death of the patient, for, nnle-s steps are taken to 
restore life before the pulse has ceased, they will 
most likely be taken too late.* 

It is, of course, necessary that the administrator 
should be familiar both with the phenomena attend- 
ing normal anastheBia and with those appearances 
which ale not normal and give cause for uneasiness. 

The normal phenomena vary somewhat, but the 
following desoriptiou may be taken as more or less 
typical. 

After some nine or ten full respirations the face 
becomes pale or bluish, and then assumes a slightly 
darker tint, the fingers often twitch (subsultus 

' See notes 0, anj E. in the Appendix, pp. 83 and 8S. 
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ttjudiuum), the conjunctiva may be touched without 
any reaponaive closure of the lids. The last two or 
three iuepirations are accompanied by stertor, not 
the palatine stertor of the habitual snorer, -which in 
subjects inclined to snoring continues throughout 
the administration, but the true laryngeal eterter 
described by Lister. It is a mixture of choking, 
gulping, and mucous rattling, and exactly resembles 
the breathing of a person after prolonged immersion 
under water. This stertor is not always present, 
but it is so in a very large proportion of cases ; it ia 
a very reliable sign that anfeathesia is complete.* 
The facepiece is now removed and the gulping 
breathing continues, the lips look bluish, the eyes 
roll, and in a few caaes protrude slightly. The 
respiration then becomes more quiet, the stertor 
disappears, the natural colour returns, and with it 
oonscionsnees. This change of colour is sometimes 
entirely absent, and patients have been known to 
become completely insensible without any of the 
blnish tint here spoken of. 

There are little trifling peculiarities in almost 
every case which are not worth attending to, but 
the above description is fairly generic. The appear- 
ances when seen for the first time are very alarming, 
bnt they vanish as quickly as they appear, and 
leave behind them no after-efl'eots such as sickness 
or headache, while the anoesthesla is amply long 
enough for dental purposes, except in a few rare 

* The aualom}' of these pheuomeDa will be discuased 
further on. 

" - S'^ 
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caaee, when a little ether may be required to 
prolong it. 

We will now examine the anatomical and physio' 
logical details of the above phenomena. 

The Umdity or bluenesB is not due to Tenons con- 
gestion, but to the blood not being sufficiently 
oxygenated. The eye-lid does not close when the 
conjunctiva is touched ; this means that reSex action 
generally is paralysed,* and, therefore, that there is 
no danger of unconaciotis strnggling. 

The laryngeal stertor is caused by the vibra- 
tion of the arytsno-epiglottidean folds of mnoons 
membrane, which approach each other and the base 
of the epiglottis, gradaally diminishing the respi- 
ratory aperture at this pointt 

This approximation of the arytssno-epiglottidean 
folds will, if the anesthetic be pushed, end in com- 
plete obirtruction of the air passage, and it is of vital 
importance that the nature of this obstruction should 
be thoroughly understood, and that it should not be 
confused with a blocking up of the upper part of 
the passage by the falling back of the tongue or the 
folding back of the epiglottis. It is important to 
lay stress upou the exact difference between these 

* It has nothiog to do with thu patient's powei of eensatiou, 
vhicb ia pnrelyeeil at on earlier Blage. Tlic patient U not eou- 
aciuns of the touch of the finger when he wiiika his eye-lid, bnt 
his raflcs nerroDs apparatus being still awake, the stimuluB 
produceB the usnal reactioo. If ho wcro cuiisoious in a higher 
Bense the lid would close before the oocjunctiva was touched. 

t The oominon atertor of snoring is cnnscd bj the flapping of 
the velum palati, and haB no significatioa whatever. 
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obstruclions, because the life of the patient depends 
upon the admioistrator knowing exactly what to 
do should Buoh au accident take place, as it will 
sometimes without the premonilori/ aterlor. 

The obBtruction caused by the falling back of the 
tongue, and consequent application of the epiglottis 
to the upper aperture, will he relieved by pulling 
' forward the tongue till the tip protrndes between 
the teeth ; but the obstruction which is due to the 
approximation of the aryteeno-epiglottidean folds is 
nut affected directly by the position of the tongue, for 
it, as well as the stertor due to the vibration of the 
folds, may be produced when the tongue ia out as far 
as it will go. If, however, when the tongue ia already 
as far forward as it will go, it be forcibly pulled 
against the teeth — although the hyoid bone and the 
epiglottis do not move, having already moved oe far 
as they can-— a reflex action, operating through 
the nervoQ» systenk,* causes the folds to recede, 
and allows free passage for the air. It does so by 
virtue of a stimulus, received by the nervous system, 
when the tongue is dragged against the teeth to a 
degree which, if no anaesthetic had been administered, 
would have caused pain. 

When the impediment to respiration, caused by 
the mutual approach of these membiunoua folds, 
passes into complete obstruotion, the respiratory 
beavings of the chest do not necessarily cease, but 

* The nature of which, whether induciog mDecolor relaxation 
or contTBction, ia not exactly understood, aad does not mucti 
maltei at present. 
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nther become more jerky and irregular. TbtB is 
■ aonrce of danger to tlie nnwuy in a doable 
manner — Xst, because the movements of the cheat- 
wdU may delude the administrator into supposing 
tbat respiration is continuing.* 2ndly, because a 
strong respiratory effort, either of inspiration or 
expiration when the air-paasage is obstructed, haa 
a tendency to stop the heart's action, f and this 
tendency is increased by the fact that the heart's 
action in slightly enfeebled at this point of the 
administration. It is of the highest importance, 
therefore, to see, by the emptying and re-filling of 
the supplemental bag,J that breathing is really going 
on, and should it stoj>, to discontinue the gas and 
make forcible traction upon the tongue with a pair 
of forceps (the slight puncture made by the foi-ceps 
will probably assiet the reflex stimulus). 

The next precaution is one of less urgency, and 
yet of bome moment, insomuch as it can be shown 
that in certain cases a disregard of it has led to fatal 
results; moreover, it is quite possible tbat some 
unexplained deaths under anecsthetics may have 
been due to negligence in this particular. It is 
nener to operate upon a patient tnhen only parftaUg 
anmsiketited ; neither begin before full antesthesia 

* A case ia reported bf Lister in whit-li the angeathetiBt quits 
Oveiluoked a total obstructiuQ uf tiie larjni, being mixluii by the 
heaving of the cbest-wall into the Buppoeition that reapirittioii 
waa couliDuiiig (UolmeB, Sy at, ed. 3rd. fol. iii. p. tiOd). 

t Uailey explains this ia hie ' Elements of Fhysiology.' 

t Sec Fig. 4, p. %i. Appendix. 
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has been reached, nor go on after the effecls have 
began to fade. We are indebted to Dr. Lauder 
Bmnton for the physiology of the fact that during 
incomplete anaeetheBia a very slight shock may 
arreet the heart's action, even if its beat be normal, 
strong, and its structure perfectly sonnd, for the 
foDowing reasons ; — 

The heart's beat is accelerated by the vasomotor 
nerves and inhibited by the vagUB, the stiuinlus of a 
shock to the fifth nerve (an in drawing a tooth), 
afiecting both Tagus and vasomotor centres at once, 
and equally 'when the ntrvous system is in working 
order produces no effect on the beat, becanse one 
inflnence count er-baJances the other. When an 
anaesthetic is administered, however, the vasomotor 
centre is paralysed before the vagus centre ; (hue for 
a short time the inhibitory nevvo alone is active, 
and a shock to the fifth would simply produce 
extreme depression or stoppage of the heart's action. 
When,however, the aneeslhesia is thoi-ough, therefiex 
sensibility of both centres is abolitihed, and, there- 
fore, no such effect is to be apprehended. The venous 
condition of the blood, in nitrous oxide anfesthesia, 
by stimulating the vasomotor nerves, reduc(-s this 
danger considerably. 

But, apart from the fubject of danger to life, it is 
in every sense an unwise proceediog to continue a 
painful operation duriog returning conaciousDeae, for 
it destroys the confidence of the patient in the 
anesthetic, and ever and over again has the gas 
been blamed and discredited when the entire fault 

..'t;oogi. 



22 N0TK8 ON ANASSTHETTCS. 

lay with the eiceesive zeal of the operator, who, 
fired by an ambition to do a gnat deal at one 
Bitting, has persieted too long and inflicted some 
wcli-remembered twinges at the finish, besidis mn- 
ning the risk above alluded to. 

To snmmarise the preceding remarks ; If the ad- 
ministrator have his whole and undivided aitention 
devoted 1o the hrt^athiog of the patient — and should 
the breathing ftop, take away the facepieoe, for- 
cibly pull outwards the tongue with a pair of forceps, 
and, if necessary, perform artificial respiration — 
and if the operation be performed during full and 
perfect anseethesia, there is no danger whatever in 
the anesthesia from nitrons oxide gas of sufficient 
duration for the extraction of a t«oth. 



UiHOB Fbecautioss. 

During the adminisl ration of nitrons oiido gas 
there are many points of practical importance to the 
comfort of the operator and patient which should be 
observed, although they involve no graver issues. 

Silence. It is a curious fact recently pointed out 
by Mr. Braine, that, at a partiQular time during 
the administration of the gas, the sense of hearing 
becomes morbidly acuto ; the ticking of a watch 
which is only jnst audible before the gas La inhaled 
becomes very distinct and loud during the inhalation ; 
the slightest whisper is heard and remembered by 
the patient while the sense of pain is deadened, and 
be or she will often repeat afterwards remarks made 
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before tbe extiiiction of the last tooth, although 
insenBible to the pain of the tooth itself. This 
morbid acutenees of hearing may easily explain the 
excitement which eonielimea attends the earlier in- 
halation and recovery. Tlieie ia never any strug- 
gling during deep antebtheaia ; Ihere ia occiteionally 
opiathot >nQe, whioh of course is not to be confounded 
with struggling, although equaUy inconvenient. 
When there is strnggUng, noisy talking, and threat- 
ening gestures, it is usually during recovery, and in 
a very large percentage of cases it occurs in persons 
addicted to alcohol. " In patients with red faces and 
dilated capillaries, straggling may be looked for ; but 
thiit it does not simply depend on tbe presence of the 
alcohol is proved by the fact tbat nitrous oxide gas 
has been given to partially intoxicated people, vdth- 
oat producing the least excitement." * 

Undue restraint should be avoided, beoauae 
it often produces atmggling. It is advisable to be 
on the alert, and ready for the patient, but nh- 
neeessary to clutch at him before he becomes vioUnt. 

It is, therefore, a wise rule to observe absolute 
silence, remembering that the patient jnst before 
he becomes inaeuBible, instead of getting deafer, 
is more acutely sensitive to sounds of all sorts ; 
especially is it a foolish thing ,to talk about either 
tbe patient or the operation. Many patients have a 
di-ead that the surgeon will begin to operate before 
they are quito under the influence of the gas, and 
that they will feel something. Their recollection 
• Biaiue, lot. eil. 
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perhaps of some previona ooeasion, when the in- 
experience or timidity of the admiiiistrator led hint 
to give an tusafficient doee, "and they felt some- 
thing, and heard everything, but couldn't move" 
(as they often say) ; or, perhaps, the account rather 
colonred and enriched by the imaginatioa of a 
gossiping friend of some Bnch occnnence, has 
rendered them apprehensive on this score ; in such 
cases ahonld the clink of an ioetrtunent, an obeerva- 
tion as to the state of the patient, the difficulties of 
the case, the mode of opeiKting, or anything of the 
sort be incautiously allowed, the patient will, in all 
probability, be terrified half-back to consciousness, 
will struggle and gesticulate, and afterwards will 
always im^ine the pain to have been felt whatever 
may be said to the contrary. Indeed, such imaginary 
troTibles have even reached the amusing pitch of a 
patient declaring that she felt aO tke pain, and aaw lA« 
bwlk eairaeled, on an occasion when in reality a sudden 
slipping of the gag and closure of the mouth had 
prevented the operator doing anything. Absolute 
silence should, therefore, be kept in the room until 
the administrator indicates to the operator that he is 
about to remove the facepiece. This isdicatioa 
should always be gives a second or so beforehand, in 
order that no time may be wasted. 

The removal of art^idal teetk, or of anything else 
that might be swallowed, such as a quid of tobacco, 
a pivoted tooth, Ac. The danger of allowing such 
a thing to remain is sufficiently obvious, but the 
accident is unlikely in dental practice, since the 
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operator ia preBomably already aware of the presance ■ 
of any such object. An exception may be made in 
the case of large apper and under sets with springs 
which coitld aot go down the throat on account of 
their size. The only point to be obse^^'ed in this 
connection is always to look in the moatii m'fAout liaking 
the patient. 

With regard to previous diet, it is not a matter of 
mTioh importance when nitrous oxide in used, and 
will be more fully discussed under the head of 
chloroform. It is sufiBcient at prtsent to say that 
the stomach should not be full, that the patient 
shonld not be faint through want, and that stimu- 
lants beforehand should be forbidden. 

To fulfil these conditions is easy if the time for 
the operation be wisely chosen, hut this often cannot 
be done in dental practice, and for such brief aniee- 
^esia it really does not matter, but there is no doubt 
that tho after-comfort of the patient would be con- 
sulted by observing, when possible, the following 
rule : to administer the gas at a time when the 
stomach wonld be empty in the natural course of 
events, not to omit a meal, which omission would 
produce an unaccustomed condition of want not at 
all desirable, but to choose such a time as before 
breakfast, or tliree hours and a-half after. It is not 
wise to interfere with old habits of food-taking. 
If a light lunch be taken at 1, 3.30 or 4 o'clock 
wonld be a convenient time for the antesthetic ; but 
there is no doubt that before breakfast is the most 
suitable part of the day, because no time has bees 

c I , 
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allowed fur the timid to fiet and brood otof the 
approaching openttion, the stomach is natnially 
empty, and the aystem refreahed and rested. 

It IB better to avoid any admixture of air with the 
gasdnring the inhalation, notbecaoee theadmixtare 
prodaces excitement, bat becanse the air weakens 
the effect of the gaa, and may eren nullify it alto- 
gether. (Mr. Braine baa often demonstrated this 
point by intentionaUy giving them mixed oi alter- 
nately, without producing the least excitement.) 
If the facepieoe be a good one, with a perfect air 
cuBhioD, there is no likelihood of mnch air entering 
with the gas, nnlesa the patient wears a beard, in 
which caae the beard should he rubbed with aoap. 
' Previous examination of the cheat organs is recom- 
mended by Mr. Bratne for two reasons, first, beoanse 
iu case of accident, the administrator is certain 
to be asked whether he examined the patient 
. thoroughly, and to be adjudged gnilty of careless- 
ness if he did not. Secondly, because the patient 
is often reassured by the mere fact of the examina- 
tion, for every patient thinks there is something 
peculiar about his or her own case, uid is relieved to 
have all doubts set at rest. 

Sir Joseph Lister, oti Ihe other hand, systemati- 
cally omits such examination as having a tendency 
tn frighten the patient, and to suggest dangers which 
do not exist. 

Ve have already seen that there is no real 
advantage in the examination, that is to say, it. 
can reveal nothing which would deter us from the 
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admiiustraljon of the gas; itiBneefolor miechieToaB 
entirely inBomacK as it reaesmea or alarms the 
patient. This being bo, it must he left to the tact of 
' the administrator to decide for himself ^hich effect 
is most likely in each particnlar case ; there can he 
no hud and fast mle laid down. Still, the u^ority 
of people would be rather reassured than terrified 
by being told they were all right in these respects, 
as most patients fancy some abnormality exists in 
their own case, and the examination need mean 
nothing bnt placing the ear for a moment on the 
heart. It is nndonbtodly an .advantage to make 
the patient take a few deep breaths in order that he 
may nnderstMid what deep regnlar breathing means, 
and that nothing nnnsual is reqnived of Mm. With- 
out some saoh preliminary instmctions nervous and 
excitoble patients will often occasion a great deal of 
needless discomfort to themselves and to those aseist- 
ingby breathing peculiarly; some will pnffard blow 
very fost and excite themselve'', others will hold 
their breath and experience a very unpleasant sense 
of suffocation, and this generally leads to desperate 
straggles to get away the faoepiecp, during which 
the jerking or shifting of the position of the 
patient's head venders it impossible to avoid the 
admixture of air with the gas, and consequent waste 
of time in producing auEesthesia. It is as well iu 
such cases to allow them to breathe pure air through 
the inhaler for a few inspirations. 

The dress should never be allowed to be so tight 
as to interfere with full and easy breathing. 
c 2 

" - gi^ 
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Stnne patients oompMn of unpleaaant after-effects 
ftt>m taking gag through am inhaler which has been 
previoualy used for ether ; to obviate this, a special 
inhaler may be used when gas alone is reqnired. 

Perfect silenoe should be obserred during the 
recovery from annstheda, in, order that the patient 
should neither become excited, nor remember any- 
thing abont the operation afterwards. It is a 
most valuable rule to promote the credit of the 
ameathetic by not rousing the patient hastily ; after 
the extraction he should be abeolately undisturbed 
for thirty seconds at least, especially if he has 
struggled during the operation ; the gag need not be 
removed, nor the patient's head touched, nor a word 
said. The last few seconds are exactly the lime 
when all the dreams and seosations afterwards 
described take place. Patients have often straggled 
and attempted to seize the operator's hand at the 
end of die extraction, and yet after a few seconds' 
absolute, undisturbed silence, have come to them- 
selves remembering nothing ; had they been rapidly 
restored to consciousness they would in all probability 
have remembered a sense of struggling and restraint, 
together with the fanciful additions of a half-dreamr 

We now come to the discussion of the various 
morbid states which have been supposed to render 
the administration of gas unadvisable. 

This part of the subject may be dealt with by 
the single general statement that for all minor 
operations, not lastiag more than two or three 
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miunteB, it is almost ttlwaye better to give the gas, no 
matter what the oonditiou of the patient; in fact, 
that few states of health or disease centra-indicate it. 

Notwithstanding the fact that this general state- 
ment covers the case, it will be more satisfactory to 
refer in detail to a few complications that have been 
STipposed to exercise a baneful influence, and even 
to contra-indioate the exhibition of an anesthetic. 

Heart diaeate is no drawback to the admisiKtration 
of nitrous oxide. Very fatty weak hearts have been 
supposed to expose the patients to some risk, but 
there has never been a fatal case traceable to this 
cause ; moreover, as this condition is not diagnose- 
able during life, it is fatile to consider it. Organic 
disease does not involve any additional risk what- 
ever to the patient. 

Pregnancy is no drawback, "even as far advanced 
as eight months." 

Laclaiion. This function is not affected by the gas, 
bnt is liable to be interfered vrith if such a shock 
as an extraction be endured without it. * 

Metatmuxtion does not interfere in any way with 
the satisfactory resnlts, and is no reason for poet^ 
poning the operation. 

Syncope. After a considerable loss of blood the 
antesthesia is produced very rapidly, and in such a 
case the patient must be narrowly watched. 

Aneufim is a condition in which all struggling 

should be avoided, and the same may be said of 

\ernia ; that is to say, any symptom of struggling 

• Bntiiie. gee note F., Appendix, p. W. 
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bliould not be restraiaed. It would be bettor to let 
the patient push away the facepieoe and talk 
than to restrain him hy force ; it is generally easy 
to reasBuve Mm and begin again. 

Kiditey compUoations have no significanoe la the 
administration of nitrous oxide. 

Hysteria presents no peculiar difficnlties, but a 
special demand is made on titecoiumon sense of those 
assisting.* 

Apoplectic patients, people wiih short thick necks 
and of full blooded habits, demand a little care. 
Their necks should be perfectly free from all con- 
etrictioii, and the head should be rather indined 
backwards than forwards ; if the chin be bent down 
towards the chest there is a danger of oompresaing 
the -veins of the neck and preventing, the iree 
return of blood from the head. In such oases again 
violent struggling involves some risk. 

InphOnHcoi cases, where the disease is extensive, 
there is a peculiar source of danger to the nnwary 
administrator. " The amesthesia deepens after the 
removal of the faoe-pieoe," t so that in such cases 
less gas must he given, and full insensibility must 
not be reached. 

Chorea, hemiplegia, and epilepey do not affect 
the question, having no influence whatever on the 
roeulte of the gas. Mr. Braine even recounts a case 
in which he administered gas to a child during an 
epileptic Jit without unusual reeults.f 

• Sec Appendix, pp. 78 and 79, t Braine. 

X Six- Note F., Apptudix, p. 90. 
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Great age of the patient is uo drawback, nnlees 
it be in tbe case of habitual dmnkarda, when an 
atheromatouB conditioii of the vesse's maj' render 
atniggling dangerons, while the very fact of the 
alcoholism predisposeB to struggling. 

SUHHABT. 

1. If a toolh haa to be extracted nitrous oxide 
gas does not add to, but lessens any elements of 
danger. 

2. Tbe administrator should have nothing else to 
think of, and shonld be acquainted with the proper 
manner of pulling forward the tongue, and of 
performing artificial respiration ; be should also have 
some expei-ience in the manner of breathing to be 
expected during antesthesia. 

3. Enough gas should be given to procure perfect 
amestbesia during tbe operation. 

4. Peifect silence should be maintained through- 
out. 

5. In the case of phthisical patients, or those of 
an apopletio, aneemic, or hernial tendency, special 
care should be exercised. 

6. The gas should not be given more than twioe 
to the same patient on the same day. 
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CHAPTEK IV. 

M. Bert's ExPEitmENT^. 

1 CANNOT consider the subject of nitrous oxide gaa 
complete without a brief description of the experi- 
mento of M. Paul Bert and their TeanltB. I am the 
more induced to diecuM this subject, becauee the 
few English vei-aions of it, with which I am ac- 
quainted, seem to me to give anything but a clear 
idea of M. Bert's views. 

As long ago as 1871, M. Bert commenced a series 
of papers, addressed to the Academic Royale des 
Sciences, in which be discussed the subject of " the 
influence exercised by changes in atmot>pberic pres- 
sure upon the phenomena of life." Many curious 
and interesting facts were thus brought to light 
concerning the gases contained in the blood and the 
tissues, their tension, and the exact nature of the 
gaseous interchanges which take place in the lungs. 
This series of communicationB continued until 1875. 

In 1879 M. Bert's researches took a somewhat 
new departure, although the obvious outcome of his 
previous work, in the form of a note entitled " Sur 
la possibility d'obtenir » I'aide du protoxyde d'Azote 
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nne iiiBeiiBibilit4 de longne dnr^e, et sur I'mnoouitd 
de cet Aneath4Bic|iie." 

The Bubetance of this paper is as follows : — 

Protoxydo of nitrogen is widely employed at thB 
present day to render painless tlie extraction of teeth, 
bat this anfesthesia cannot be prolonged, for the 
simple reason that as soon as perfect inseneibility is 
obtained, dangerous phenomena of asphyxia appear. 
This is because the only way to produce aneesthesia 
is to administer the nitrous oxide pvre, onmized 
with air, therefore, of conrse, asphyxia is induced 
^ri pagm with anaesthesia. The reason why 
nitrons oxide must be adminislered pure is simply 
this : in order that a sufiicient quantity to anies- 
thetise should enter the economy, the tension of the 
gas should bo equal to one atmoBpHere, at a normal 
atmosphorio pressure ; this means a oent. per cent, 
proportion of gas ; iu other woidf, the lungs must be 
/«U of gas, and therefore there is no room for any 
oxygen. This is the case when the pressure of the 
atmosphere is normal. 

But if the patient be placed in a pressure of two 
atmospheres the required tension can be obtained 
by cauaing him to breathe 60 per cent, nitrous 
oxide and 50 per cent. air. Under such conditions it 
ought to be possible not only to obtain aneesthesia, 
but to maintain a normal quantity of oxygen in the 
blood, and consequently to preserve the conditions 
necesEary to respiration. 

In order to analyse this theory experimentally, a 
dog was oaused tu breathe in an inereated atmogpheru: 
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preuure of ^ atmotjAere, a mixture of | mtrous oxide, 
and ^ oxygen (the tension of the gaa in this 
roixtnre equals exactly 1 atmoBphere). The dog 
became aiiK«tlietiBed in a few minnttft, the respiration 
remained noimal, the blood retained its colour, the 
heart its force, and the temperature its normal 
degree; in a word, all the phenomena of "la vie 
vSg^tative " were unaffected, whilst those of " la vie 
animale " were suspended. 

After some time the inhaler was removed, and 
after tbree or four respirations the animal leoovered 
Bensibitity and volition ; and almost immediately 
afterwards even gaiety and vivacity. 

This rapid recovery, so different from what is 
observed in the case of chloroform, is owing to the 
fact that the gas does not undergo any chemical 
combination in the blood, bat remains there in a 
free st-ate, and therefore esoapea directly. 

M. Bert's practical application of the foregoing 
facts was an apparatus consisting of a large oast-iron 
box with a glass roof, inside which the atmospheric 
pressure was increased to the required amount. All 
those who were engaged in the operation were inside 
the box, and themixtui'e of gas and oxygen was under 
the operating table ready prepared. The apparatus 
was of course hopelessly impracticable escept for 
large hospitals, and, moreover, involved much expense 
to work. This memoir waa read on the 11th Nov., 
1878. In the July of the following year another 
note on the same subject appears in the ' Comptes 
HenduH.' In this second note the results of sundry 
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operations conducted on the human Bubject are 
detailed. The apparatus Ijad been contiived by 
MM. Labbe and F^an. A young 'woman of twenty 
was the first subject ; the result was all that could be 
desired, and the aiuvstbesia was maintained for four 
minutes. It has Bince been maintained as long as 
twenty-six minutes. In 1880 M. Bert, speaking on 
this subject, claimed for his apparatus that it very 
nearly attained the ideal perfection of anaesthesia. 
The complicated and oostly nature of the apparatus, 
however, presented such obstacles to its univergal 
adoption, that his ingenious mind had (^ain started 
on a new Tt^oge of discovery with the object of 
dispensing with it, and arriving at the same safe 
and prolonged antesthraia under the normal atmo- 
spheric pressure. 

Having heard of the method employed in America 
of giving the gas intermittently, re-administering as 
often as signs of recovery appeared, M. Bei-t 
employed this method on dogs, but was not pre- 
poesessed with the plan, the constant approach of 
asphyxia being a dangerous and unpleasant conoomi- 
tant, and evidently distressing to the (mimfd. 

■What took place was as follows : — 

As soon as the antesthesia was perfect, and 
asphyxia was threatened, the blood of the animal 
was saturated with the gas, and his Inngs were full 
of it. At this point he was allowed to breathe piiro 
air. Vow it takes about ten respirations to fill the 
lungs with air, and as long, therefore, for the blood to 
retake t^l the oxygen it requires, but during this time 
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the gas is escaping ftom the blood, and impovemhing 
the Inn^' contents of oxygen ; thus sensibility returns 
before the blood has been able to recover enough 
oxygen. 

Therefore H. Bert determined to cavse the animal, 
when aneeethetised, to breathe, not air, but pure 
oxygen, by this means re-oxygenating the blood 
before consciousness returned; but the gas was 
eliminated too quickly, owing to the presence of the 
pure oxygen, and the results did not come up to 
H. Bert's hopes. 

He next attempted to produce a longer insensibility 
by administering a mixlore of gas and oxygen, after 
aneestheeia had been obtained by means of pure gas. 
This was more than sufficient for the re-oiygenation 
of the blood, because the gas preeoot in the mixture 
prevented the rapid elimination of the gas that was 
suspended in the blood. Thus, when pure gas was 
again given, it was not necessary to push it to the 
verge of asphyxia. By these means the insensibility 
of a dog was maintained for half an honr. 

This plan was, therefore, strongly recommended to 
the profession by M. Bert, and certainly deserves 
carefnl consideration. It has been suggested to me, 
by Mr. Bird in conversation, that another difficulty, 
apparently unforeseen by M. Bert, is likely to 
complicate this method, namely, that individuals 
differ as to the proportion of gas required to produce 
anesthesia; some experience a much more rapid 
recovery to consciousness than others, and it is, 
therefore, conceivable that a mixture that wonld 
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maintaiii aneestheBia for one patient would in another 
case only produce a eenu-coneciouBneas, in -which 
reflex action would be active, and only the control 
of sense and judgment abolished, a condition iu 
which operating is both diffionlt and dangerons. 
For dentel purposes, as has been already stated, it is 
nnneoessary to prolong the anseethetiia except in very 
rare oases, and therefore M. Bert's researches are 
rather of general than special interest. 
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CHAPTER V. 



If an operation is required to be prolonged be- 
yond the limits of the brief iusensibility that caD 
be procured by nitrons oxide gas, the agent usually 
employed to extend the ancestbesia is ether. Ether 
induces a veiy much longer stage of insensibility 
than nitrous oxide, but the objections to its use are 
also yery considerable, and it is always bett«r in 
dental practice to avoid employing it if possible. 

It bas a very strong pungent odour, which is 
regarded by most people as very unpleasant, and 
often canses vomiting, congbing, and strutting on 
the part of the patient. 

I'he after-effects are xisnaUy also very unpleasant, 
nausea and Tumiting (very seiiunn complications in 
operations upon the abdomen), headache, dizziness, and 
general malaise not at all unfrequently following 
its administration ; moreover, it is generally allowed 
to be not quite so safe as nitrous oxide. 

It bas been suggested that the administration of 
ether has been frequently followed by bronchitis, 
which has more than once proved fatal. It certainly 



'cV^ 



does produce an irritation of the bronchial tract and 
an increased eooretion of mucus. Perhaps the 
bronchitis is due to the direct irritation of the 
vapour, or the cold following its evaporation, or, as 
suggested hj Mr. Braine, to the excess of perspi- 
ratiou damping the uuder-cLotbing, and possible 
draughts caused by the incautious flinging open of 
windows hj the attendant (the latter »eemed a suffi- 
cient explanation of the only cote quoted bg htm). At 
any rate, after ether has been administered, tlie 
patient should be wrapped up warmly as a pre- 
caution. 

The atruggUng and subsequent headache common 
in alcoholic patients are much aggravated if ether 
be given. The arterial tension is increased, so that 
the bleeding is mnoh more considerable ; this is a 
protection in major operations from secondary 
h«emorrhage, as more vessels require to be tied, but 
it increases the danger of tiresome bleeding after 
tooth extractions, and in cases with a hiemorrhagio 
history some consider it wiser to abstain from the 
use of ether.* 

It takes about two and a-half to three minutes to 
produce ansesthesia. If the necessity for a prolonged 
insensibility be sufficiently obvious, tiie best plan of 
proceeding is as follows : — 

1. The mlea of diet laid down in Chapter II. 
should be strictly adhered to. 

2. It should be ascertained that the patient is not 
suffering or very liable to bronchitis or emphysema. 

* Hi, Bmiue dues not shnte Uub opiniuu. 
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3. If the aabject be ansemio, extra caie ia ueces- 
eaiy, as the insensibility Buperrenefi more rapidly 
than in ordinary cases, and should not be allowed to 
beoome too deep. 

4. In dental cases, should the patient be phthisi- 
cal, bronoMtic, very ansemio, subject to emphysema, 
or very old and infirm, it will be wiser to do as 
mnch as can be done with nitrous oxide alone, and 
if necessary, to make another appointment, rather 
than employ ether. 

6. To avoid unpleasantness, during the preliminary 
stages, it is best in all cases to commenoe the admin- 
istration with nitrons oxide. After eight or nine 
good inspirations a sufScient stt^e of insensibility 
is reached to commence the exhibition of ether." 

Many aathorities pass ether and gas through the 
same face-piece, but there is an objection to this 
practice, namely, the face-piece becomes so im- 
pregnated with ether that the whole apparatus 
reeks of it, and afterwards, when gas alone is passed 
throQgh it, patients frequently complain of the 
smell and taste, and even in some caaes of headache 
and malaise ; thus nitrous oxide, which is distin- 
guished for its freedom from taste and after-effects, 
is sometimes unfairly charged with producing these 
symptoms. 

It is with the greatest possible diffidence, however, 
that I mention this objection, seeing that many ad- 
miniBtrators of the greatest experience and ability 
adopt this combined method. 

* My utitbority fur tLis Btutemoiit i» Mr. Bird. 
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The p]ftD advocated by Mr. Braine I will quote in 
Mb own words. 

" Qniukly change the face-piece for the Ormslr^ or 
Dublin inhaler. This mnet bo done very rapidly, bo 
that the nitrona oxide which the patient gets rid of 
by the first expiration, passes through the sponge, 
and becomes chai^;ed with ether-vapour for the first 
inspiration. This first inspiration is seldom a full 
one, the glottis taking cognisanoe of the pungent 
character of the vapour ; but, in a few seconds, this 
irritation appears to subside, respiration becomes 
normal, and the patient sinks to sleep without any 
struggling whatever. 

" There is one precaution to be taken in using an 
Ormsby inhaler when tlie patient is lying on his 
back ; and that is, to hold the edge of the india- 
rubber bag between your finger and thumb, so that 
, it does not become completely distended during 
expiration ; because, if this take place, any ether 
that is on the bag runs at once through the sponge 
into the pntient's eyes and month. 

" The cold produced by the rapid evaporation of the 
ether is often so great that the sponge on which it is 
poured becomes frozen into a hurd solid mass; and 
when in this condition it only gives off a very small 
quantity of ether- vapour. This is best prevented by 
warming the inhaler before using it, by placing in 
it a napkin, or lai^ sponge, wrung out in hot water. 
If this plan be pursued, the ether-vapour comes off 
rapidly, the patient gets under ite influence quickly, 
so ihat a small quantity of ether tufficeH, and, the 
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patient having little to get rid of, nausea and 
vomiting are freqaently absent tagetber. 

" After having thoroughly antestKetiBed a patient, 
the sponge may be removed, and insecBibility pro- 
longed l^ allowing the patient to breathe into and 
from the india-rubber ^Mg of the inhaler, admitting 
fresh air only when the patient appears to require it. 
In this way I have kept a patient insensible for 
twenty-one and a-half minutes, the annKthesia being 
maintained by the ether which was civculitting in 
the system at the time of the removal of the sponge ; 
the paliont, in this way, being allowed to get rid of 
the ether in the slowest manner possible. 

" It may be ui^ed against this method that the 
patient rebreathes the carbonic acid of his own ex* 
pired air, and this is tree ; but from the length of 
time I have employed this plan, and from never 
having seen any deleterious results from it, I do not 
attach any importance to the objection. 

" It is clearly the duty of the anseethetist to ad- 
minister the antBsthetio to the patient in any position 
which the surgeon prefers ; but I think the moat 
comfortable one for the patient is lying on the side, 
with one hand and forearm under the pillow, the 
shoulders being slightly raised, and tho nect a little 
bent, so that the saliva, which is always secreted in 
large quantities, may run from the lower comer of 
the mouth, and not be swallowed. This salivary 
secretion readily takes up ether-vapour, and, if 
swallowed, is sure to produce vomiting. After an 
operation, if there be any faintness, of course it is 
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most easenti&l that the patient's head ahould be 
kept low. 

" The eaaie&t way to remedy any faintneaa coming 
on after the patient's return to bed ia to raise the 
lower end of the hedatead, snpporting it on the end 
of a 80& or a chair, thus making the head and 
Bhoaldere the lowest part. 

" Those practitioners are the most Huccessfal ones 
who succeed in getting their patients inaensilile the 
most quickly ; and I consider two minntes and forty- 
five seconds rather over than under the averse time 
it should take to produce complete insensibility. 
There is no fear of giving ether-vapour too rapidly, 
OT of the ether-vaponr being too pungent, so long as 
the patient breathes easily. 

" Occasionally a patient breathes very slowly, and 
holds his breath, apparenlly for a long time ; but if 
you breathe synchronously with him, and do not 
suffer any discomfort, you need be under no uixiety 
regarding him, no matter how long the time appears. 

" DyBpn<ea occasionally arises from some thick 
tenacious mucus hanging about the fauces and 
epiglottis ; and this is most easily got rid of by 
changing the position of the patient's head from one 
side to the other, or raising the head somewhat. If, 
however, the breathing do not improve, then open 
the mouth wide by means of the tongue forceps, and 
this, producing the act of swallowing, may put 
matters straight. If it do not suooeed, then pull 
the tongue well out of the mouth, and cause the 
patient to make a forcible expiration, by endden firm 
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pres&are on hiB thorax with your left hand and fore- 
ana. If this proBsore be applied sharply, qiiit« at 
the end of a natural expiration, snch a full inBpi- 
ration follows, that the mucns is foioed irom ite 
position, and is either oonghed up or swallowed." 

Much has been written of lata about the mixture 
of ether and chloroform, and it has even been Bug- 
geated that th^ will not mix. This statement hoe 
arisen possibly from an attempt to mix chloroform 
with ether of an improper specifio gravity. Mr. 
Bailey assures me that -720 to -722 will mix per- 
fectly well with chloroform, and, moreover, does not 
reqaire warming. The advantages claimed for the 
mixture are principally with reference to the heart's 
action, the stimulating properties of the ether being 
supposed to connteract the depressant effect of the 
chloroform. It cannot be considered as proved, that 
there is much danger of this sort to be feared from 
chloroform alono ; and there is no doubt that many 
cases in which failure of the heart has been cited 
as the cause of death, mismanagement has at least 
co-operated. Still, if the mixture offers a reasonable 
chance of lessening any risk (to whatever cause it 
may be due), its claim to consideration is established. 
I would, however, suggest that experimental work 
be left to those vrhose long experience entitles them 
to employ new combinations with confidence ; and 
as this book is not addressed to privileged experts, 
I shall not uselessly occupy the reader's time by 
disGUBsing the matter further. 



uGoot^lc 



CHLOROFORM. 



CHAPTER VI, 

Chlobofobu. 

For lengthy operations chloroform ia at present 
the aneesthetic most frequently employed. Its action 
on the heart is at first elightly stininlatitig, Imt after- 
wardB depressaut, and this latt«r inflaenoe lias led 
many anthoritieB to prefer the oee of ether, in order 
to avoid at least one source of danger, the stoppage 
of the heart's action. On. the other hand, some con- 
tend that few cases of death nnder ohioroform have 
really been traced directly to the depressing influence 
of the drug upon the heart and the loweriug of 
arterial tension, but rather to certain defects in the 
manner of administration. Death has occurred moru 
frequently nnder chloroform than under ether. This 
is true, but it must be remembered that it has tmly 
once oocurred when administered in the manner 
advocaled by Lister, and in that instance death was 
due to spasm of the respiratory mnsoles, and not to 
any cardiac complication. 

The argument in favour of chloroform as urged by 
Lister, therefore, is that the danger incurred is not 
due to any effect of the dmg upon the heart, but 



"^S'^ 



46 S0TE8 OS ANESTHETICS. 

rather to COTtain radical errors in the mode of ad- 
miniBtration. An illuetratioii of the nature of these 
eriors is afforded in the report of the committee on 
nneesthetics appointed by the BritiAh Medical Associ- 
atioD. In this report it is stated that to test the effect 
of cliloroform upon the heart, air mturated with the 
vapour was passed through a tnbe into the trachea. 
Kow, the essential element of safety during inha- 
lation of chloroform is, as will be presently seen, that 
it should w»er }>e adtaittialered above a certain Urenglh, 
fixed by Clover at 6 per cent, and by Paul Bert at 
8 grammet of chloroform to 100 Utreg of air. To ex- 
periment, therefore, with a saturated atmospliere is 
simply to experiment with a poisonona dose; one 
might as well condemn strychnine because adminis- 
tered pni« it produces death. 

H. Paul Bert, following in the footsteps of Snow 
and Clover, has arrived at some very definite state- 
ments with reference to the administration of chloro- 
form. In order to a|>ply his principles he has con- 
trived some huge gasometers for mixing his " known 
quantities." These oumbrous arrangements are a 
serious drawback to bis method, but they nepd not be 
considered here, as the only point of real interest is 
not the mechanism, but the fact that a uniform atmo- 
sphere of 8 grammes of chloroform mixed with 100 
litres of air will quickly produce perfect ansesthesia, 
unattended with any dangers or inconveniences, and 
capable of being maintained for a very considerable 
length of time. A statement was made by M. Bert 
(* Comptes Rendus,' vol. xciii. p. 768) before the 
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Academie dos Sciences, is Xot. 1881, the Babatance 
of which was as follows : " In the administratioa of 
chlorofurm up to a certain strengtit, no aneesthesia is 
piodacad; beyond a certain strength death ensaes; 
between the two is the working area (zone maniable). 
]f an animal be allowed to breathe a ready-prepared 
mixture of exact proportiorui of ohloroform and air, 
in a closed vessel large enough to place the poseibility 
of asphj-siaout of the question, (jwUuh must not be 
employed to absorb Ike carbonic acid gai, at it decom- 
poiea the chloroform and nuUifiea Ike experiment), the 
following fi»cts are brought to light : — 

1. That the proportions of the mixture forming 
the limits of the workable area, Le. between the 
annsthetio dose and the falal dose, are very exact, 
aud that the fatal dose is always exactly double the 
ancesthetlo dose. 

2. That between these two points the anK«thesia 
may be safely maintained for a oonsiderable time — 
the temperature does not vary, nor the pulse nor 
respiration fail, and anaesthesia is quickly reached. 

3. That the slightest excess beyond the fatal dose 
is very rapidly followed by death. 

4. That no amount of chloroform given weaker 
than the antesthetio dose will produce LnBenaibility. 

To illustrate thes& points by an example : In 
the case of a dog, a mixture of 9 grammes of chloro- 
form to 100 litres of air is the weakest mixture that 
will produce anseathesia ; 19 grammes to 100 litres of 
air is the strongest he can breathe without a rapidly 
fatal result. If he be put in an atmosphere midway 



.;^iL 



48 NOT£S ON ANESTHETICS. 

between these two Btrengths, i.e. in the middle of the 
working area, 14 granunes to 100 litroB of air, he will 
rapidly become inseufiible, aud he will not experience 
any period of excitement ; he will remain in a mis- 
tnre of 7 or 8 grammes to 100 litres till he dies 
without beoomlng ineensiUe, but if the mixture be 
raised to 20 grammes, he will very speedily die. 
For a moose the aa»sthetlo dose is 6 grammes, the 
fatal doee 12 grammeB, leaving hetween them a 
working area of 6 grammeB. 

'In 1883 another note by the same author occurs 
in the' Comptes ItenduB' (toL zovi. p. 1831). In the 
interim he had evidently been led to somewhat 
modify his views of 1881. This note is also worth 
quoting. " If a dog be caused to breathe a mixture 
of 4 grammeg of chloroform to 100 lilret of air, the 
animal remains conscious throughout the experiment, 
which I have prolonged in one case to 9^ houra' 
duration. Temperature fell to 35° Centigrade. 

" 6 gr. to 100 lit, — Death supervened after about 
7^ hours, with a temperature of 31° ; sensibility was 
not lost though enfeebled, especially at the last. 

" 8 gr. to 100 lit — Death took place at Ihe end of 
8 hours, the tomperatui-e was down to 30° towards 
the end, insensibility of the skin and cornea were 
observed, but appearing slowly, and after a phase of 
agitation. 

" 10 gr. to 100 lit. — The scene changes, insensibility 
appears in a few minutes, sleep is absolutely calm, 
death takes place at the end of 2 or 2^ hours without 
any convulsion and with a temperature of 35°-33°. 
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" 12 gr. to 100 lit. — InBenaibilit; still more rapidly 
effected, death in an hour and a quarter, temperatura 
35° Centigrade. 

*' 14 or 16 gr. to 100 lit.— Death in three qtiartent of 
tm honr, temperature 38°. 

" 18 or 20 gr. to 100 lit. Death in half hour. 

" 30 gr. to IGO lit. — Death in a few minutes." 

H. Bert then enumerates certain facts to which 
he calls special attention. 

A. Whether death superrenes quickly or slowly, 
the heart continues to beat after the respiratory 
movements have stopped. There never was a case 
of cardiac ^ncope. 

B. Even after several hours' ansesthesia, no chloro- 
form was ever passed in the urine. 

C. With very weak doses one m^ oaase an 
enonnouB quantity of chloroform to pass through 
the lungs, without obtaining any objective phe- 
nomena other than the lowering of the temperature. 

D. With slightly stronger doses, death supervenes 
slowly, accompanied by a considerable fall of tem- 
perature, but sensibility is not lost. Therefore, 
given in such doses, chloroform only affects the 
functions of nutrition, in all probability by dead- 
ening the anatomical elements. 

£. With stronger doses, although insensibility 
is plauily established, death always ensues if the 
respiration of the mixture be continuously main- 
tained. The richer these mixtures are in chloro- 
form, the more rapidly does death supervene, and 
the less apparent is the fall of temperature. 

D 
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M. Beit, after promismg the result of Bome ir&tsii 
Btndies at a fatare e&inoe, proceedB to make some 
practical dedacttioiiB from the foregoing statements. 
He fonad that the respiration of the mixture always 
eads in death sooner or later. 

With strong dosea, 10 gr. to 100 lit., for instance, 
death is rapid ; with weak doses death is slow, but 
senBibility is only veiy slightly dulled. He then 
determined to administer the doses one after the 
other ; thns he made a dc^ breathe an atmosphere 
of 12-100 for a few minntes till he was quite 
insensible, and then changed the dose for 8-100. 
This latter strength, which, had it been employed 
from the commencement, would have taken a very 
long while to prodnoe antesthesia, and would, mote- 
over, have been acoompanied by considerable excite- 
ment, is amply sufficient to continue the an^sthema 
produced by the stronger dose, the result being as 
satisfactory without any danger or any interference 
vrith the fiiuctionB of respiration or oirculatiou. The 
temperature had fallen and the usual unpleasant 
after-effects were observed. 

In 1884 M. Bert again discussed the matter before 
the Academy; his apparatus was very severely ■ 
criticised, but the main principle of an exact fixed 
dose was generally approved, and the value of his 
experiments appreciated. 

A surgeon named Fayrand read before the 
" Societe de la Biologic " an account of a method of 
administration vrhioh oonsiBts of covering the face 
with a light compress, and then dropping a ^<agle 
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drop of chloroform apon it, followed after an intorral 
of a mrnnte or so liy another; this plan U macli 
approved by H. Bert. 

The ^aeral result of all these experimetitB, from 
the days of Snow down to now, eeemsto point to the 
foot that there is little or no danger of oardiac 
syncope daring the careful administration of chloro- 
form, still there are duigere, for many deaths have 
been recorded. To complete the case then, it will 
bo as well to discuss the sources to which most of 
these deaths can be traced. 

The first element of danger is fright on the part 
of the patient, previous to undergoing the operation. 
A case is mentioned by Snow in which a patient 
died of fright during a make-believe administration 
of chloroform.* 

The seccmd danger is that of shock conveyed to 
the heart owing to insufficient amesthesia. This, 
bother with Dr. Brunton's physiological explana- 
tion of it, has already been folly discussed at page 
21. In illustration of this danger a case may be 
quoted, mentioned by Lister (Holmes' Syst., vol. 3, 
p. 600). A gentleman had to undergo a slight and 
momentary operation ; chloroform was given, but 
purposely not fully ; the pulse was good before the 
knife was used; the operation was instantaneons ; 
but at the moment of cutting the patient started, 
and immediately after the pulse had ceased, the 
heart stopped, and the patient was dead. Possibly 
a full dose of chloroform might have obviated this 
* See note H., Appendix, page 93. 
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imhappy resnlt. As far back as 1853 a Liverpool 
surgeon (Biokersteth) recorded the fact, that on 
three occasioas, dariog an amputation through the 
thigh, the pnlae stopped suddenly at the moment 
the knife entered the limb, hut recovered itself after 
a few seconds. In all probability the dose was 
insufGcient in all these cases. 

The next danger is a very grave one; it is the 
adminiatnition of too strong a mixture of chloroform 
and air. This may be done in many ways, the most 
frequent being one which has been very well ex- 
plained by Mr. Braine. He noticed that a large 
proportion of deaths under chloroform took place 
jnst after the addition of a fresh quantity of the 
anseethetic, and he accounts for this fact as follows. 
When the facepiece is removed, that the chloroform 
may be added, the stimulus of the fresh air causes a 
deeper breath to be taken, and this is followed by 
still deeper ones. When the facepiece is replaced 
a deep inspiration is taken, and with it a sudden 
extra dose of chloroform. This may be obviated by 
replacing the focepiece gradually, keeping it some 
inches from the face at first, or by adding the fresh 
dose without removing the facepieoe. <Jhloroform 
beyond a certain strength is very dangerous ; below 
it, almost free from danger. This danger of too 
strong a dose is a danger special to chloroform. 
There are some others which are shared by all 
auKsthetics. One of these is idiosyncrasy of the 
patient, a rather obscure condition, and one very 
difficult to explain. The patient may be over bus- 
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ceptible to the effecta of the vapour, but the danger of 
snch a case woTild attach only to the nse of Bome 
Hucli apparatus as that devised by H. Bert, where 
the amoimt of the anaesthetic cannot be regulated 
to Bnit the emergency, but is fixed beforehand, and 
the judgment and tact of the ansBthetist are not 
able to protect the patient. This was pointed out 
as a defect by M. Gonelin, and is a serioua objection 
to M. Bert's apparatus, as at present contrived. 

Lastly, many deaths have been due to an omission 
of sotne of the precautions laid dovm in the chapter 
on nitrous oxide. 

From all theee considerationfi it may be gathered 
that chloroform is not specially dangerous unless 
given in too strong a dose, i.e. mixed with too little 
air, when it may suddenly depress the heart; or 
unless the operation be commenced before insensi- 
bility is complete, when the heart will very likely 
stop altogether. And, finally, that in common with 
all ansesthetics, it becomes dangerous if the ordinary 
precautions laid down are neglected. 
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CHAPTEB VII. 
Physiology of An«sthesu. 

The condition of an individual tmder the full in- 
fluence of an an^Bthetio, tliat is, the real etato of 
hifi faculties and the phenomena that ha himself 
experiences during the operation, affords some in- 
tereating problems for our consideration, that will 
well repay a careful investigation. It has been 
suggested that an anresthetised person is aware at 
ihe moment of the pain inflicted, but foists it in- 
stantly, and it is very important to demonstrate the 
obvions untenability of this proposition. The dread 
of suffering while unable to protest or explain 
might well terrify bolder people than the average 
patient ; it cannot, therefore, be labour lost to demon- 
strate bejond the possibility of doubt, that the 
power of appreciating pain is one of the very firat 
faculties to be overpowered by the antesthetio, and 
that the mental condition of a person fully anses- 
thettsed is one of total absence of thought and 
feeling. Ihiring the induction of antesthesia, while 
the faculties are being stupefied one by one, in 
regular order, and again during recovery, as one 
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by one the great nervoas centres awake and resume 
their sway, there may be dreams and blunted sen- 
sations, aad very de£mte atrnggles, but these do not 
t^e plaoe vhile the annstheBia is complete. Not 
only is this enquiry into the mental state of the 
patient easily proeeonted, bnt it is a matter of 
primary importance, that the exact nature of the 
Buspension of the fitoulties iudnoed by the use of 
aneestheticB shonld be understood, and, moreover, 
that the exact order in which the fonctional activity 
of the nervous centres is abrogated, should be fully 
and clearly established. I trust I shall be absolved 
by the reader for inflicting upon him a slight pre- 
liminary sketch of the functions of certain nervous 
centres, in order that the phenomena attending the 
temporary sleep of any, or all of them, may be 
better described. 

The characteristic functions of the central nervous 
organs are threefold. 

1. Sejlex acts, or the transmission of the eEFects 
of stimulation &om afferent to eflerent nerve fibres, 
that is the excitement of some motor fibres in re- 
sponse to a stimulus received by some sensory fibres ; 
as, for instance, when the surface of the body is 
pricked with a pin, information of the fact is con- 
veyed to the sensory nerve centre by sensory 
(afferent) fibres, then passed on to the motor centre, 
and there translated into a stimulus which induces 
the motor (efferent) fibres to cause certain muscles 
to contract and remove the injured part from the 
danger ; this is illustrated by the closing of the eye- 
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lids when the conjunctiva is touched. It is impoi- 
tani to remember that the central organ where this 
reflection of the fitimalnB takes place ie not in most 
oases situated in the brain proper, for reflex actions 
may be perfectly performed when the great oentres 
of volition and thought are paralysed and even re- 
moved ; tfane a 1t(^ afier his head is cut off has pre- 
snmably lost the power of appreciating or avoiding 
pain, yet if a drop of acid be placed on one leg, he 
will mb it off with the other because the action has 
become habi(ua), and is perfco-med by the spinal 
tract without any reference to the brain. Again, 
the act of winking was originally performed del iber- 
ately to protect the eye, bat it has become so habitual 
an act that it takes place without the interference of 
the cerebral centres ; in fact, before onr higher aeuses 
are conBcions of the approach of danger a reflex act 
has already protected the eye from its conseqaences ; 
the instantaneotis wink takes place withont the 
eviction of our brain proper, and even in deflanc« of ' 
a determination to prevent it. When it is known 
that there is no danger, a friendly hand rapidly ap- 
proaching the fatie will cause most people to wink 
in spite of a firm resolution to keep the eye wide 
open. Professor Darwin tried to keep his face still 
in front of the glass cage of a puff-adder while the 
reptile struck at him, but as soon as it did strike, 
he involuntarily jumpod away, notwithstanding bis 
resolution to remain still.* 

* The moTement of (he limba in walking is contiDued wbilu 
the bruin ia quite occupied with otlicr maltere, und bas evea 
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Beflex actions are orderly np to a certain point, 
and are directed to the removal of some definite 
irritation, or at any rate in response to some definite 
stimulus ; if, however, the etimnlas be exaggerated, 
the reflex action may become disorderly or convul- 
sive, and result in spasm of all the muscles. The 
great point of importance to the present subject, 
established by experiment with regard to reflex action, 
is this, that movements of a definite kind in direct 
renponee to stimuli, do not show that the individual 
is conscious of the stimulus, but only that the reflex 
functions are not yet paralysed. 

2. AxiUmalicads, which depend on an OTcitation of 
the efferent nerve, without any previous stimulus 



been oontioiKd during sleep, for Boldisra hare beeu koovn 
to fall asleep while marchiDg, Trousseftu relatei some very 
complicated acta performed linring a complete epileptic bub- 
peuuini oF braia iDflaence. It ia plain, then, that when the 
powen of GonicioiuDeBS, volilion, and tliought are in abcjance, 
complicated acts, apparontl]' requiring their guidance, may, il 
habitual, be perfectly performed by reflex action, ulth'iQjjh if 
not habitual they cannot be bo performed ; secondly, Ihat Buoh 
acta ere continually performed while the intellectual faculties 
are fully occupied with something else; thirdly, that such reflex 
acts, being often jdoto rapid and poverful than designed acts, 
may literally take the intelligence by surprise, and perform 
theiuBelvea in defiance of the strongest effurta of the blain 
power to prevent them (Cf. The act of starting, winking, etc.)- 
and fututUy, that in the lower animals tbey can be pcrfonned 
after remoTal of the brain proper. 

These focts, Iheteforo. clcarlj demonstrate Uiat althongh a 
patient may move, or even struggle slightly duringan operation, 
thia movenMut is not any proof that pain is ft It. 

I) 3 
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conveyed by an afferent nerve, the whole thing 
originating at the nerve centre. 

3. Pigehieal aett, acts devised by the intelligence. 

The principal functionB of the nerve centres are 
the following : — 

The ftinctlonB of the spinal cord, which are 
chiefly reflex uid cxtndacting. All impreesionB reach- 
ing the Bensorium from the limbs mast travel vi& the 
spinal cord ; if, therefore, ite functional activity be 
suspended, reflex action of the limbs and the conduc- 
tion of impressiosB from the limbs to the brain are 
abolished. 

The fonotions of the medulla oblongata, 
which are of a fourfold nature. 

(1.) The first IS that it eontaina the centre of in- 
eolutitary respiratory mot)ements, the so-called " vital 
spot " or " nceud vital," a limited portion of the floor 
of the fourth ventricle at the apex of the calamus 
scriptorias. It is on both sides of the middle line, 
and injury to either side arres's respiration oa that 
side, while injury to both ddes abruptly stops the 
fianction, and death ensues. 

The activity of this centre depends upon certain 
essentoals. 

(a.) The presence of oxygenated blood, without 
which its iriitability disappears. 

(6.) A certain relationship among the gases of the 
blood, which relationship acts as a etimnlus to the 
centre. The less oxygtn there is in the blood and 
the more carbonic acid gas, the more intense becomes 
the action of this centre, until breathing becomes 
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rapid and gaapiug; the extraoTdinaiy mnsoleH of 
Teepiration an stimulated, and at last an absolute 
convuleiott takes piaoe, owing to general muscular 
spasm. These phenomena are called dyspnoea. On 
the other band, if the snpply of carbonic acid gas be 
reduced below a certain point, the activity of the 
centi'e diminishes, aiid death from apucea results. 

(2.) The second is Ihe control of the heart's action. 
The centre for the vagna, the inhibitory nerve of 
the heart (and some think the sympathetic or ac- 
celeratoiy centre as well) is in the medulla, as aleo 
the vasomotor centre by which the calibre of the 
small arteries is oontrolled, also the centre for dila- 
tation of the pupil (the radiating fibres of the iris 
being supplied by the sympathetic}. 

(8.) The third is that it contains the cenfre for deglu- 
tition. If during the deepest antesthesia the b ick of 
the fauces be touched deglutition at once takes 
place, a very useful act when it is necessary that 
mucus should be swallowed by an unconsoions 
patient. 

(4.) And the fourth is the centre for mastication and 
sneldng. 

The fOnctioDB of the cerebelluin. This has 
long been a field of dispute among physiologists, but 
it is pretty certain that the only imporlant one is 
that of co-ordinating the action of the two sides of 
the body. Paralysis of the cerebellum prodnces a 
condition very like drunkenness ; the two halves of 
the body do not work together, but act Indepen- 
dently of each other, and the result is that the legs 
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prodnQe an aneteady gait, Ihe eyes preaent a double 
image, and the tongue utters an iudistinct speech. 

The fimctioiiB of the ganglia at the base of 
the brain, whicli are of a twofold character. 

(1.) The fint it to inhibit reflex aetitm. When this 
restraining influence ia removed, reflex action he- 
oomeB much more powerful and violent. 

(2.) The tecond is lo adjuet eqwlibrium. If the 
ganglia on one side be injured or removed, unusual 
and uncontrollable movements &!« executed, such as 
rapid rotation of Ihe body, which is no doubt due 
to a sensation of vei-tigo and a con8ec|uent delusion 
as to the movements of surrounding objects. The 
true position of objects is appreciated by means of 
eyesight, and if we alter our position the object 
appears to do so too; thus, if the object seem to 
move we move also, under the impression that we 
are thereby keeping still, hence a movement in the 
oppowie direction, either of the head and body, or 
of the eyes alone. Now, if an electric current be 
passed through the hose of the brain from left to 
right, the poles being placed on the mastoid pro- 
cesses, the objects within the field uf vision appear 
to revolve in the direction of the hands of a clock, 
and thereffire an attempt is made to counteract the 
imaginary movemtnt by an actual movement of the 
eyes and even of the body in the opposite direction. 

The functions of the cortex of the brain. 
The cortex is the seat of thought, consciousness, 
and volition ; in short, of alt the higher attributes of 
the animal. 
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These facte hare been demonstrated mainly 
by- 

(a.) Comparisons of the attribntes of Tarioos 
animals and the development of their nerve centres. 

(6.) Investigations of the attributes of animals 
congenitallj' defective in portions of the nervoas 

(c.) Observations of the losses inflicted by definite 
lesions of injury or disease upon the nerve centres. 

(d.) Artificial infliction of cerebral imperfections. 
Bach as the experimental removal of portions of the 
brain substance. 

By these and other means the foregoing facts have 
been demonBtrat«d to be tme. 

A reflex act, hotvever orderly, most immediately 
follow the stimulus that causes it. A psychical act, 
on the contrary, may be the result of stimulus 
received long before. The storage of this stimulus 
is " memory." In all probability no etimulus is ever 
lost, nothing is ever really forgotten, and the most 
trifling incidents of the distant past are often faith- 
fully revived in dreams, while the repetition at 
another time and place of some associated stimulus, 
such as a peculiar scent or sotind, will often repro- 
dnoe faces and words and scenes of long ago that we 
fancied had'fiided altogether from our minds. These 
revivals are very capricious. So much so that it is 
not the thiu^ moat familiar to the mind which are 
the easiest to revive, but on the contrary, those that 
cause a strong impression by their strangeness. 
Thus it has happened that during delirium the 
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ravings of innooent, pure-nuDded petBOUS have 
taken the form of expresracmB qnite foreign to their 
nature, not because they were in asy -way familiar, 
bnt becanfie heard accidentally, the -very strange 
and nn&miliar sounds had, withotit their knowing 
it, made a strong impression upon their brain on- 
known to themselveB. 

It is very important to recollect that the higher 
centres of the brain exercise a restraining and con- 
trolling influence over the reflex actions, far, as we 
shall see, there is a brief period during anseetheaia 
when these controlling centres are paralysed, but 
the reflex power remains active, and under these 
circumstances the struggles and muscular efforts of 
a reflex nature are more powerful than they would 
be were the senses unimpaired and the effoit or 
struggle performed deliberately. 

At such a moment a little child will sometimes 
effect movements that strong men will find a diffi- 
culty in restraining, and the convulsions of an 
adult, whose cerebral control is suspended either by 
delirium or during incipient anesstheaia, often display 
an amount of foroe altogether diBproportionate to the 
apparent physique of the individual. 

It is, therefore, to be expected that, as each of 
the nervous functions becomes overpowered by the 
anaesthetic, the individual will behave as if he did not 
possess that partloular portion of his nervous system. 

The first ftmctiou paralysed is that of the 
gan^a of the base of the brain ; objeote seem 
to Bwim round and round, and giddiness super- 
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venea. Then the oerebellnm and the cortex of 
the cerebrum are involved and co-ordination is 
lost, and the faculties of will, memory, conscions- 
nees, and thought are stupefied. At this stage 
reflex power is Btill perfect, and though the patient 
will make definite struggles, and even cry out if 
hurt, he 18 not conacious of the injury, nor will he 
remember it; hie lids still wink when his conjunctiva 
is touched, but he does not know that it has been 
touched ; a step further and the sensory centres 
are involved, he no longer possesses reflex but 
only automatic action, that is, he may struggle 
and shout^ but his movements have no connection 
wilfa injuriea inflicted, or he may struggle when 
they are not inflicted, and remain passive when 
they are, because no message of injury is conveyed 
from the sensory nerve endings to the centres ; if 
the conjunctiva is touched, the lids do not move 
in consequence, thoagh they may wink, and any 
other movement may be performed independently of 
any injury received. Next in order the motor centrea 
are afiected, and there is no power of movement 
save such as may have its origin in the medulla 
(respiration, deglutition, and the action of the heart 
are still in fiill reflex working order) ; if asphyxia 
be induced, the extraordinary muscles of respiration 
vrill be called into play; if the fauces be tickled 
deglutition will be performed. Suppose the anres- 
thetic be pushed, respiration and the heart's beat 
will continue, but they will not be affected by 
external stimuli; a stage further and the motor 
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oentrcB of the medulla will be paralyaed and death 
will ensue. The order of recovery ie the exact 
inverae of the order of paraljsie, and during 
recovery there is a Btage when the reflex actions 
of the aystem have revived, and definite struggles 
follow definite injuries. If the pain proiluced by 
the operation be prolonged till the awakening of 
the powers of memory, the patient's dreams will 
be affected, and the patient, who will probably think 
he has felt the whole operation, wiU find him- 
self struggling, while the rapid energies of fancy 
will fill up the pictnre. On one occasion in which 
the gag slipped, and nothing was done save an 
inefiectnal attempt to open the month, tlie patient 
awoke, thinking she had felt the whole operation, 
although no operation had taken place. 

On another occasion the well-directed efTorto of 
the patient to seize the forceps cansed the operator 
to desist, and after a few moments' silence, the 
patient awoke, utterly ignorant of the fact that he 
had struggled at all. 

During the few brief instants of recovery of 
cei«bral power, very exact dreams may be formed 
from very small exciting causes. The prepo.- session 
just before becoming unconscious, that something 
is about to happen — say the extraction of a tooth, or 
even a casual word during recovery coupled with 
the removal of the gag — is quite sudScient for the 
patient's fancy to build upon. It has been abun- 
dantly proved that hardly any time is requisite 
for long and circumstantial waking dreams to be 
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elaborated, and the only secret for avoiding this 
i« not to interfere at aU with the patient daring 
the interval between the recovery of reflex power 
and the awakening of the intelligenoe. It i« dnring 
thiB interval that the patient's " recollections " of 
the operation are formed, and it is partly upon the 
operator's abetinenoe from interference at this 
juncture, that his own fame and that of the auees- 
thetio depend. 

The stages of aueBethesia may be tabulated thus : 

1. Stage of giddiness. 'Jlie ganglia of the base 
partly afiected, volition and thought deranged, 
hearing acute, reflex action perfect, innervation of 
heart complete (inhibitory " vagus " and accelera- 
tory " aympa thetio " unaffected) ; pain inflicted 
now will produce violent strnggles, cause excited 
fancies, and arouse the patient. 

2. Stage of incipient aruettieaia. Cortex, ganglia 
at the base, and cerebellum paralysed, i.e. volition, 
thought, oonscionsness, and co-ordination lost, sym- 
pathetic (aoceleratory) nerve to heart paralysed, 
inhibitory vagus intact, reflex action intact; an 
injury now may stop the heart's action, and will 
probably produce very violent strngglea; but if 
desisted from the patient will not remember the 
struggle on recovering, 

3. Stage of sensory partUgsis. Reflex action is lost 
because the sensory sjetem can no longer convey 
the stimulus, and as the injnry will not, therefore, 
be communicated to the vagus, the heart will not 
be affected. There may be struggles, twitchings of 
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the extremities, rhytlLmical movemeatB, Qoisee, &0., 
bnt these are not in any relation to injiuy inflicted, 
but are independent of it. 

4. Stage of tottd paralgtit, of everTthing except 
the esGential oentres of the mednlla. The only 
movements nov are thoee of respiration and of the 
heart's action. Beyond this stage death ensnes. 

The process of reoovery is a dmple reversal of 
these fonr stages; the struggles and twitohings 
lo-oommence ; the vagus and sympathetic nerrea 
recover their powers ; one by one the facnlties of life 
awake, until the whole animal economy is restored 
to perfect working order. Baring this revival the 
several stages, with their special conditions of the 
nervoQs system, are precisely similar to those into 
which I have snbdivided the production of anEee- 
thesia (save that they oconr in the reverse order), 
and the same precautions must be observed in 
ea(di stage. 

It remains to be stated, in this connection, that 
onr knowledge of the physiological action of anees- 
thetics is sadly deficient in one inkportant direc- 
tion. We have only very imperfect data to go 
npon, as regards the condition of the cerebral 
vessels, during the exhibition of various anteathetio 
agents. For instance, in the case of chloroform 
and ether, the vascular condition has been observed 
to differ to snch an extent, that onr choice of these 
agents, for particular cases, would be very seriously 
modified were we practically acquainted with the 
true cause. 

I, ■ .ii.Coot^lc 
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The &cts at present in onr poBBession &re, briefly 
stated, the following ; — 

1. If the Btipply of blood to the brain be arrested, 
from whatever cause, aneeaiheaia will be one of the 
results (anseethesia dne to ansemia). 

2. If, on the other hand, the escape of blood from 
the brain be in any way impeded anteethesia will be 
a consequence of this condition (anaisthesia due to 
hypersBmia). 

3. If the quantity of the blood supplied to the 
brain remain unchanged, but its nature be eo altered 
that it is no longer capable of nutrifjdng the brain 
tissue, anEBBtlteBia will ensue. 

4. Any considerable alteration in the vascular 
condition of the brain is attended by anKBthesia. 

5. Lastly, it has been possible in many cases to 
observe the vascular condition of the brain during 
sleep, during angesthesia arising irom shook, and 
during antesUiesia produced by the inhalation of 
anffisthfiticB, in individuals whose brain surface has 
been accidentally exposed to view; and the result 
of these obaerrationB has been to show that a vascular 
change always accompanies such anffistheaia. Pro- 
fessor Carpenter, in Ma ' Mental Physiology,' 1876, 
p. 572, strongly inclines to the view that the ansee- 
thesia accompanying sleep is dependent upon "a 
reduction of the enormous blood supply which is 
essential to the functional activity of the brain, and 
that this reduction is effected by the control which 
the vaso-motor system of nerves has over the calibre 
of the arteries." On the same page he quotes an 
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experiment in which Dr. A. Fleming produced a 
condition oloeely reeembliug sleep by oompreseion 
of the carotid. 

Sleep which is the most natural and free from risk 
of all the aneBsthetio states is attended with (and 
probably caused by) a diminution of blood preesure in 
the brain, consequent on a contraction of the small 
arterioles under the influence of the vaso-motor or 
sympathetic nerves. 

Lot us now consider an experiment quoted by Dr. 
Carpenter from 'Guy's Hospital Reports,' 1860, p. 1 63 : 

"In the experimental enquiries ofMr. A. Durham, 
made by removing (binder chloroform) a portion of 
. the skull of a dog, so as to expose the cortical layer 
of the cerebrum, it was observed that as the effects 
of the chloroform passed off, and the animal sank 
into a natural sleep, the surface of the brain, whioh 
had previously been tinged with blood and inclined 
te rise into the opening through the bone, became 
pale, and sank below its leveL On the animal being 
roused after a time a blush seemed to start over the 
surface of the brain, which again rose into the open- 
ing through the bone. And as the animal was more 
and more excited, the brain surface became more 
and more tinged with blood, numerous vessels which 
were invisible during the sleep being now con- 
spicuous, and those before visible being greatly 
distended. After a short time the animal was fed ; 
and when it again sank inte repose these vcssele 
contracted {^ain, and the surface of the brain became 
as pale as before." 
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Here, theD, two anaesthetic states are observed, the 
one dne to chloioform acoompained by cerebral 
hypet«Binia, the other that of Bleep, an ansBinic state 
— bat we do net know how the chloroform was 
given, what strength, what qnantity— and the 
absence of these facts robs the statement of much 
of its value. 

It has been stated that the aneesthesia of ether is 
not accompanied b; the same amount of cerebral 
congestion that is supposed to attend the condition 
when induced by chloroform ; but without fuller data, 
and an exact description of the method of inhalation, 
the statement cannot be of much service, except to 
show what an important matter we are ignorant of 
for want of a little experimentation. The import- 
ance of the point as affecting the safety of patients 
while under anaesthetica is very self-evident. A state 
of extreme cerebral congestion is a state of imminent 
peril to life. If the cerebral vessels are unBOund, 
atheromatous or calcareous, the danger of overstrain- 
ing them cannot be over-oatimatod ; if, then, it could 
be shown that any agent was more liable to expose 
the patient to this risk than another, by judicious 
selection, the anKsthetist might save a certain 
number of lives per annum. In this country, 
however, the preseivation of human health and life 
does not command sufScient interest, among those 
who make our laws, to protect scientific investi- 
gators from the energy and zeal with which 
fanatics, hysterics, and people in search of new 
sentimental excitement pursue their crusade against 
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the promotion of knowledge. There are happily 
still other conntriee where researdi in this branoh 
of Bcience is permitted, and it is therefore probable 
that further light will be thrown npon this point 
by fitmie fore^n observer. 
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Duties of the Operator. 

A FEW points remain to be considered which, while they 
cannot be said to fall exactly within the scope of the title 
of this little book, may without irrelevuicy be toached 
npon in an appendix. 

First and foremost, I have some adnce to offer oon- 
earning the duties of the operating surgeon while the 
aniesthetio is being administered, my only apology fiir 
the apparent impertinence of snob advice being, that I am 
assured by more than one leading annsthetiat that much 
inconTonience frequently arises from the disr^ard of a 
few simple, but important roles. 

The operating sni^eon should never by word or action 
interfere with the administration of the aniesthetio. It 
is the province of the anEesthetint to produce a safe and 
thorough anteathesia ; to do this well he must be nodis- 
turbed by hints or questions. The operator haa nothing 
to do wiUi the pulse or the heart, or anything— eave the 
operation. Having aesnred himself that he haa room to 
operate, that the gag is where he desires it to be, and 
that the patient is in the most suitable position, he has 
nothing to do but to keep quiet, and be ready for the 
administrator's signal. 

I may enforce the importance of this advice by quoting 
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a case or two, for the facts of some of which I have the 
authority of my friend, Ur. Bailey. In one case the gas 
hod to be admuiist«ied twice, because the nerronsneeB 
of the surgeon induced him to repeatedly implore the 
an»d.hetist not to give too much, thereby exciting the 
patient with groundless fears and flnrrying the adminis- 
trator. In another case an injndicions argument between 
the surgeons suddenly interrupted the anaesthesia, and 
awakened the patient, who jumped up, excited by the 
ethei, tojotn the dUctistion. 

I myself i«member an old medical friend, for whom I 
extracted a tooth under gas, telling me afterwards, that 
just as he was becoming insensible he was Jialf roused to 
consciousness by an incantions remark that I made, and 
consequently the anieethesta was considerably delayed. 
On one occasion at the Dental Hospital the extractor 
asked the question " Are you ready ? " when the patient 
vas only half under the influence, and the result was a 
terrific struggle on hie part. He was a powerful man 
addicted to alcohol. The excitement lasted several 
minutes, and if he had succeeded in freeing himself, 
some one might have been injured. 

Mr. Bailey and Mr. Bird have both often assured me 
that there is no greater mietakc than to fasten a patient .Ik) 
the chair, or to clutch at him unnecessarily ; either is sure 
to provoke struggling. Mr. Bailey prefers not to restrain 
even swinging of the arms and legs, provided there is no 
risk of injury to the patient or bystanders. Such move- 
ments usually subside of themBelves, but if they do not it 
is better to tell the patient gently to keep still than to use 
imy force. 

In arranging the attitude of the patient, it is well to 
remember that the head should bo ae nearly as poeeible 
in a straight line with the axis of the body, neither bent 
backwards nor forwards. This is essential to fre« breath- 
ing, a fact very easy to demonstrate by sitting in a chair 
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&Dd aesmning the tuiohb attdtudee, and obeerring the 
comparatiTe fecilitj or difScuItj of breathing. In this 
connection it is well to point oat another mietoke, £ce- 
quentl; made by operatois who ose hawka-bill instra- 
jnents for lower molan, namely, that of poshing tbe tongne 
backwards with the left hand, and thereby often Bhntting 
off the respiratory tract altogether ; in the eagerness of 
extraction, the danger of poshing the tongue too for 
bock Ib often forgotten. This error ehoald be carefully 
avoided, for the resnlts may be very onpleasant shoold 
the operation be protracted by any nuBadventore. 

At the eame time it is of course very right to interpose 
. a finger to avoid the tongue being wounded by the 
forceps, because snch an accident is always distressing to 
the patient after the operation. 

I most confess to a certain scepticism with r^iard to 
the usefulness, in practice, of spoons for protecting the 
tongue or tlie larynx. The ingenuity of their construction 
is unquestionable; but the presence of a gag and a 
spoon in the mouth leave but little room for the operator. 
Moreover, there is a certain loss of time attending the appli- 
cation of such apparatos ; perhaps, however, the question 
resolves itself into this: different operators will incline 
to different methods to prot^ their patients, and the 
personal skill of each will render his method the best in 
kh own hands. 

Idio»yncrasy (see page 37). I have made very careful 
enquiries on this point in order to discover, if possible, 
what ground there is for asserting that certain individuals 
are readily susceptible to the influence of Nitrous Oiide 
Gas, while others are the reverse ; and I have been forced 
to the satis&ctoiy conclusion that there is practically no 
such thing as idiosyncrasy. 

There are isolated cases from time to time in which 
patients are an inexplicably long time in becoming in- 
sensible; but the longest time in Hr. Bailey's experience 
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la tvo mmntee twenty seconds, while Ur. Bird does not 
leoollect an; case of a patient renmiuiDg cooscions mare 
thftn one minute, unless b; chwice or design air has been 
mixed with the gas. 

The time uaoally required to produce aiuesthesia with 
pure Nitrous Oxide ia sot inconvenient to an; one ; bnt 
the same cannot be said of any given mixture of gas and 
air, and thie, as su^eeted bj Mr. Bird (see page 36), 
posaiblf forms one of the chief obstacles to M. Bert's 
method. 

Dr. Snow doee not attach an; importance to the question 
of idiosyncrasy. 
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NOTE B. 



Abitficial Besfiratioh and Syticope. 

Whxn Gm morementB of respiration have oeased, there 
is no longer a rhythmical entrance and exit of air to and 
from the lunge, and ooneequently the blood is not aerated 
If, however, the chest walls can by artificial means be 
mode to contract and expand rhythmically, the tide of 
oxygen to and fro may be maintained nntil the natnral 
chest-morements reviTe. This is effected by producing 
an alternate expanaion and contraction of the thorax, the 
eipansioB causing a ^acnnm inside, and sucking in aii 
to fill it, which air ia again expelled by the contraction. 

The increase of the size of the thorax is caused by the 
ribs being moved outwards and upwards, their ends being 
fixed. As each rib represents, roughly epeakii^, a half 
circle, it is easy to understand that while one end is at- 
tached to the spine, and the other to ihe steraum, an 
upward movement of them all must canse an increase of 
the thoracic space. If the arms are raised above the head, 
they (by means of the pectorals) pull the ribs upwards, 
while if they are lowered and pressed against the side of 
the cheet they push the ribs downwards. This is the 
salient principle of arlifinial respiration. 

I quote the following account of the "Sylvester " method 
from Holmes' ' System of Surgery,' vol. iii., from the excel-, 
lent article by Mr. Harley. 

E 2 

" - »i^ 
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"Manual pressute equal to atwnt thirty pounds may 
be with perfect safety applied to a healthy adult human 
thorax. 

"In making the presenre, care iB to be taken to obeerro 
if any food i» forced out of the stomach, which may 
happen if that discus is full ; and, if so, it is necessary to 
prevent it getting into the windpipe. This ma; be 
readily done by placing the patient for a few seconds on 
his face and forcibly expelling the food by pressure on. 
the back. 

" The manual pressure ought to he made on the lower 
part of the sternum, for the reailience of the thoracic 
walls is there greatest; and pressure on the abdomen at 
the same time is not to be omitted or the diaphragm will 
descend and counteract the benefits derived from tlie 
pressure made on the lower part of the chest. 

" The St/lveaier method o/artifieiai T&ipiTaUoii, which is by 
far the most effectual mode of obtaining an interchange of 
the pulmonary gases, is performed by ali«mately raising 
and depressing the arms, as exemplified in the figs. 1, 2, on 
pages 80 and 81, which themselvea describe the mode of 
procedure more plainly than words can. Aa ia obserred 
in the figure, the patient's shoulders are not only well 
raised, but his head (as Dr. Howard suggested) thrown 
well back. On bringing down the patient's arms they 
should be gently and firmly pressed against the sides of 
the chest, so aa still further to diminish the cayity of 
the thorax. This pressure can be exercised with greater 
facility and equal dfect by pressing the arms on the lower 
third of the sternum. By alternating the movements of 
the arms and pressure of this kind, a regular exchange of 
air can be produced, varying in quantity &om thirty to 
lifty cubic inches, an amount more than is requisite for 
the purposes of resuscitation. 

- " If there be suf&cient asaietauce at hand, the Sylvester 
method ought to be employed in all cases in which 
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artificial respiration is considered necessary; bnt where 
the medical attendant is alone, simple mannal pressure is 
the qnickeet and easiest that can be adopted. It only 
diSers &om the SjlTestei method in this respect, that in 
it the air is forcibly expelled from the Inngs and then 
alloved to enter, in consequence of the vacanm produced 
in the thorax by the ro-expanding of the walls by their 
own elasticity, while in Sylvester'B method the air is 
forcibly inhaled and expelled by raising and depressing 
the ribs. In both cnaee the respirations should amount 
to at least thirty or even forty per minnte. The natnial 
reepiratious are only eighteen per minnte, but in cases of 
resuscitation, as onr object is to arterialise the blood even 
more rapidly than in health, and as we cannot introduce 
by artificial means the same amonnt of air that is taken 
in by the normal efforts, we mnst proportionally increase 
the number of respirations." — Holmes' Ryst., vol. ill. 
p. 837. 

The Howard method, which is a modification of Sylves- 
ter's, vras, I believe, described at a meeting of the 
Odontoit^cal Society by Dr. Howard. 

The illnstration. Fig. 3 on page 82, gives such a clear 
and comprehensive idea of it, that bnt littie description 
is necessary. From the engraving it will be observed 
that the operator places one knee on the thorax of the 
patient This enables him to compress the thorax at 
the same time as he moves the arms, thus saving fatigue, 
and doubling the efficiency of his exertions. 

While speaking of artificial respiration, it will not seem 
irrelevant to add a word of two about syncope. People 
who arc given to &inting are liable to do so in the oper- 
ating-room jnst as much as elsewhere, but the accident 
has no significance; it is, however, important that any 
person in a Minting fit should be promptly laid fiat on the 
back, with the head if possible lower than the shoulders. 
This position is sufficient as a rule to restore consciousness 

" - gi^ 



78 APPENDIX. 

in a few Beconds. An mclination to faint may, while in the 
operating chair, be checked hy pnehing the head forwards 
and downwards between the knees. A drop or two 
of sal-Tolatile in water, or better Btill, if available, a aniff 
at a capsole of nitrite of amyl, will restore the patient at 
once. These capsnles and instnictiona how to use them 
may be obtained at Martindale'e, in Cavendiph Street, or 
at Ash's, in Broad Street ; bnt of all restoratives the best 
is the prostrate position. This foot should, in myopinion, 
be printed in la^ letters at the entianoe of every chnroh 
and every theatre, and taught to every child in the 
niueery. A person with a weak heart in a fainting con- 
dition, held op and sometimes bogged tight by well- 
meaning friends armed with scent and Inke-warm water, 
is within a meaaniable distance of being fondled lovingly 
out of this life altogether, yet how frequent a spectacle 
it is — the anxious friead seduloUBly stopping the heart's 
action, the curious and kindly circle shntting off the air, 
or at any rate rendering it warm, staffy, and impure, and 
the officious bystander, with a handkerchief reeking with 
scent, poisoning what littte air does reach the patieni 
With snch a scene before my mind's eye, I feel excused 
for ntging this point of the position of a fainting person. 

It is sometimes necessary to maintain the prone position 
for some little time to allow the heart fairly to recover. 
On one occasion a patient fainted, owing to the beat in the 
Blopping-room at the top of the Dental Hospital building 
in Leicester Square. She was laid down on her back and 
instantly recovered, but on attempting to rise, fainted 
^ain ; this condition of consciousness while lying down, 
and instantrelapse on sitting up.continaiDgfor sometime. 

The dental practitioner when operating with an an- 
[Bsthetic is not anfieqnently puzzled by phenomena that 
are due to hysteria. Snow mentions a few cases of pro- 
longed anesBtheeia and inability or disinclination to 
rouse. Some years ago a g'rl gave some anxiety to the house 
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eo^eon at the Dental Hospital by remaining in a lethargic 
state, until the late Mr. Clover snggeeted that it was 
ovringtoher having taken toomnch brandy that morning, 
when she at oncejnmped up and indignantly denied the 
charge, to the funnBenient and rehef of the bygtanders. 

Qnite recently a youth of about eighteen, apparently a 
foreigner, to whom Ur. Bird had gives gas, displayed very 
cnrions symptoma of hysteria. He partly recovered from 
the antesthetic.and then suddenly had a kind of spurious 
fit, during which he straggled so violently that three 
of UB had tiome trouble to prevent him hurting himself 
He half recovered and cried, and said he could not help 
it, and again relapsed into a fit ; this occurred three or 
four times in succession. 

The most common freak of hysterical patients is to 
pretend that they cannot rouse themselves, and this 
may well alarm a young practitioner ; he may, however, 
rest assured, if the breathing is regular, that there is 
no kind of danger, seeing that a minute or two suffices 
to get rid of every trace of nitrous oiide from the system. 

When fainting does occnr after an aniesthetic, it is not 
nnfrequeotly due to the excessive zeal of the medical 
man which leads him to order a long fast beforehand. 
As has already been, said (see quot. from Srainc, p. 10), 
the danger of faintness is greater than the danger of 
sickness, and it ie always better to time the operation, 
so that the stomach is empty without any special abstaining 
itom food. In foct, throughout the operation much of the 
success depends upon the absence of ipeeial conditions 
altogether, for special instructions, special diet, anxious 
questions and laminations all t«nd to create a fluster 
and to excite and disturb the patient; whereas, on the 
other hand, the apparent absence of precautions, para- 
pheroaha, anxious enquiring glances, and mysterious 
hints between the operator and the antestbetist, suggest 
to the patient that there is really nothing to make a fuss 
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about. The room ehonld be as like an ordinary sitting- 
room, and the cbair as like an ordinary armchair as 
possible, and tliere ebould be no instnimente visible. If 
the patient be n woman or a child, the presence of a woman 
servant is always pleasant and reassuring, and the absence 
of the friends of the patient contribateB much to the ease 
of the operator, and the success of the operation. 
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NOTE a 



Some Oases of Affectioh op the Fulse' eicplained. 

" A PicuLiAB and intereBting fact, and one that I am ia- 
dined to tliink ma; account foi man; deaths, is, that in 
soDio individaala when full; under the inflnonce of chloro- 
form the pnlae soddenl; fails at the moment the first 
iDoision is made by the surgeon, and this, too, when the 
respiration is altogether natural. The first time I observed 
this peculiarity was in Oct. 1B51 ; the Buhject was a sickly 
emacjated bo; about nine, reqnirisg ampatation of the 
thigh on account of an ezhausling disease of the tibia. He 
was quickly brought under the influence of chloroform, and 
was breathing well when Mr. S;ms transfixed the limb. I 
had my hand on the pulse, and was cocefull; watching it. 
At the moment the knife entered it suddenly ceased, and 
remained imperceptible for a period of four or five pulsa- 
tions, the countenance at the same time becoming deadly 
pale. Aa it returned it was at first very feeble, but in a few 
seconds it regained its usual strength. The breathing at 
the same time was very soft and quiet. Anseathesia was 
maintained, and no further tmtoward event occurred." 

" The nest case was that of a young lady about eighteen 
or twenty years of age, whose thigh Mr. Syme amputated in 
November last. Dr. Simpson administered the chloroform, 
and after the operation remarked that the pulse had 
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stopped suddenly jnst as the knife was piercing the 
thigh, and had recorered itself with a flatter almost 
immedifttely." 

" A third instance occnrred soon afterwards on the 10th of 
December, 1351. A woman about forty, of pole emaciated 
appearance and nervous excitable temperament, was placed 
upon the operating table and inhaled cUorofomt. She 
inhaled it well, and was soon insensible, breafhmg ster- 
toronsly; then tlie operation(ajapiitationof the thigh) was 
begun, and at the same instant the pulse stopped, and did 
not return for eight or ten seconds, when it was again felt 
as very faint and indistinct. It rapidly regaiuedits force, 
and before another minute had elapsed, was as strong as 
before the operation. During this occasion the breathing 
did not flag at all, and had it not been for a slightly in- 
creased pallor of the countenance, no visiblechange might 
have been observed," .... 

Citing another case, the same author says, quoting 
Mr. Stanley, of Bartholomew's Hospital : " A few minutes 
afterwards I commenced the operation by an elliptical 
incision through the skin, circumscribing the portion of 
the cheek which I intended to remove. Directly this 
was done my assistants, who werewatching the pulse at 
the wrist, reported that it could not be felt." In this case 
it returned, and with its return the patient recovered. 

Another case is quoted from the ' Medical Times and 
Gazette ' for March 20, 1852. A man, twenty-three years of 
age, inhaled chloroform, and in a few minntea insensibility 
was produced (after somo struggling). "The operation 
was then commenced, but no sooner had Mr. Lloyd cut 
through the skin than it was stated tliat the pnlse had 
suddenly ceased."— Biekersteth, Ed. 'Monthly Journal,' 
1853, vol. xvii. p. 220. 

Mr. Biekersteth concludes very rightly that this stoppage 
of the heart was duo to shock and not to chloroform ; 
but he is puzzled by these two facts : first, that in 
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the case of Mr. Stanley, no ^noope took place dnriiig a 
Bevete operation witiiont chloroform; and secondly, 
that is Mr. Lloyd's case, a more aerioiiB operation mtder 
thloroform, was performed upon the patient without 
Byncope. Dr. Lander Brnnton's ob^ervationa — see p. 21 — 
show the reason why these are not diffioultiea ; in both 
caeea, no doabt, only enough chloroform had been given 
to paralyse the acceleratory cardiac nerves, leavii^ the 
inhibitory open to stimaliiB. 

In the following paragraph Mr. Bickersteth very 
strongly ennuciates the doctrine, so mnch insisted upon 
by LiBt«r in later years, that tha pulse is no safe guide : 

"But the pulse should not be taken oa any guide 
during the administration of chloroform. It should be 
wholly disregardei), except under certain circumstances 
when syncope is feared from loss of blood dnrii^ the 
performance of capital operations. The pulse is only 
affected secondarily in. consequence of the failure of the 
respiration. It follows, therefore, that our attention 
should be mainly directed to the latter, while the former 
may be altogether neglected, or at any rate regarded as 
only of secondary importance. By carefully watchingthe 
pulse the attention must in a measure be taken away 
from the respiration, and exactly to such a degree it is 
prodnctiTe of evil; for in order to guard gainst mis- 
haps, and at the same time conduct the inhalation with 
confidence, the breathing must be observed with the 
great«st care and attention." 
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NOTE D. 



Soke Experiments touching the question or Fuluke 

OF ReSPIKATIOH OCC0RRINO BEFOEE THAT OF THE 

Heakt's Action.— Bicterstetli, 'Month. Journ. 
Mod. Science,' 1853, toI. xvii. p. 212. 

Hs. BiOKBBBTETH administered chloroform to three 
rabbits (1860), until respiration ceased altogether. When 
the animslB had all the aspect of death, he opened the 
chest and observed the heart beat; this became more 
irregular and feeble, until, in four minutes in two cases, 
and in three minutes in the other, the beat ceased 
alb^ether. In auothei case after respiration had c«aeed, 
he opened the chest and fbnnd the heart contracting 
quickly and irr^nlarlj. He introduced a blowpipe into 
the trachea and performed artifical respiration ; the heart's 
action became regular immediately, and remained bo for 
tweutr^-flve minutes when be desisted from the artificial 
respiration, and the heart ceased to beat in about four 
minutes. Thus impure air (that bad already been in- 
haled), forced into the lungs maintained the heart's action 
so long as the operation was continued. 

In the fourth experiment, Mr. Bickersteth pat a cat 
under chloroform ; in eight minutes complete anesthesia 
wasproduced ; in three more minntes thelnreathing became 
distorbed, and shortly ceased altogether. After waiting a 
minute or more to be sure of this, he opened the chest, and 
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placed his finger on the pKrt of the diaphi^m which is in 
contact with the heart, the lattra vas beating qnickly and 
r^pilaclj.whilQtheformerwasmotionlesB; he then divided 
the trachea, introdnced a tube, and performed artificial 
respiiation with an india-rubber hag; with this the Innga 
were filled, and allowed to collapse \>j their own con- 
tractable force at the rate of abont twenty respirations per 
minnte. In four minntes the diaphragm began to de- 
scend, at first irregularly, afterwards regnlarl;, and then 
movements of tiie head, montb, and feet commenced, and 
continued for ten minutes. Air saturated with chlordbrm 
was again administered, tiie action of the diaphragm 
stopped in about four minutes, the heart continued to con- 
tract (but more quickly) for six minutes after the dia- 
phragm had stopped, it then became irregular, and almost 
immediately the ventricle stopped simultaneoasly, the 
BQiides still contracting slowly and inegolarly, and in a 
few seconds, notwithstanding Uiat pure air was substi- 
tuted for the chloroform, the auricles were also tranquil. 

Post-mortem examination ten minutes after death 
revealed the heart with both sides full, the right with 
dark, the left with red blood, and the Ini^ slightly con- 
gested. This experiment shows that the heart's action 
eouthmee after the respiration has stopped for aboat four 
miuntes, during which time artificial respiration properly 
performed may restore the &cnlties by maintaining life 
until after the efi'ects of the chloroform have passed away. 
In another case he restored a cat by artificial respiration 
after inspiration had ceased for seven minutes. 

Lastly, Mr. Bickerstoth quotes several cases in which 
these facta were put to practical proof by the employment 
of artificial respiration after the natural function had 
ceased, with the result of a restoration of the natural 
function even after a lapse of five minutes. 
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NOTE E. 



Two Cases illustrating the Danger of Omitting to 

Observe the Eesfiration. — Seep. 5. 
LiBiEK (loc. cit.) quotes two cases of great iaterest as 
illnattating this point : — 

1. " As an example of the risk that is nm by want of close 
attention to the respiration, I may mention the following 
case. A surgeon of considerable eiperience was giving 
ohloroform to a patient, on whom an operation was being 
performed, of which I was a mere spect&tor; but I noticed 
that steitoroiis breathing came on and gradoallj passed 
into complete obstruction at a time when the adminis- 
trator was gazing with interest upon the proceedings of 
the operator. Seeing that the patient was in danger, I 
BUggeeted to the giver of the chloroform the propriety of 
pulling forward the tongue. He replied that this was 
uncalled for, and pointed to the heavings of the chest as 
evidence that breathing was proceeding freely. Knowing 
from what had gone before that those efforts were doing 
nothing for the respiratmy function, and feeling that 
there was no time for discussion, I stepped out of my 
province so far as to seize the tongue myself and draw it 
forward, when a long and loudly stertorous inspiration 
demonstrated the necessity for the interference. Had the 
delusive movements of the chest been trusted, it is 
probable that they might have continued tiU the heart 
had become so enfeebled by the aspbyxial state as to 
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cause no perceptible palee at the wrist; and had death 
oocnired nndei these ciicamstances, the case would have 
been Bet down as one in which the circulation failed 
before the reepiration. The administrator would thns 
have been abeolred from all blame ; and the fatal event 
wonld have been attributed to idioayncrasy, or to any 
heart disease which might have been discoTered on post- 
mortem inspection." 

2. " An incident which occurred during mj Glasgow 
incumbency iUusttates so strikingly both the value of 
drawing forward the tongue and the rolatioas of the circu- 
lation and respiration to chloroform, that it seems right to 
place it ourecord. One of my colle^ues in the infirmary 
had been making an attempt to reduce a dislocation by 
means of the pulleys. Chloroform having been given 
very fully by the house surgeon, who at the close of the 
performanca removed the cloth from the patient, and 
proceeded to attend to other matters. Happening to be 
present, and obeerring that the respiration was deeply 
stertorous, I watched it carefully and noticed that it passed 
almost immediately into complete obfltruction, though 
still accompanied by the movements of the thorax, the 
face meanwhile becoming markedly livid. Unwilling to 
interfere, and seeing the carotid pulsation conspicooai in 
the neck, I waited awhile, hoping that the obataote to the 
breathing would disappear spontaneously. But instead 
of this I soon saw, to my horror, the Uvidity give place to 
what I knew physiologically identical with poit-morUn 
paUor. I now rushed forward and drew the toi^n^e out 
firmly with the art«ry forceps ; air at once passed into 
the chest, and the man was rescued." 
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NOTE F. 



SoMi! Oases iLLOSTRATma the statements on page 20 

WITH REFKRENCE TO LACTATION, ETC. 

" I MAT here mmtion the c&'e of two patients who were 
BnckUag, utd in wbom the shock fnnu the eztractioii of 
a tooth, without the gas, stopped the secretion of milk ; 
Bateeqaentlj, having to undergo a eimilar operation 
nnder like circninBtctnceB, the; determined to take the ga^, 
and in neither instance did im; derangement of the func- 
tion of lactation occur. Children with chorea, and people 
who have had hemipl^a, take the gas well. In phthisi- 
cal patients, if the mischief be eiteneive, some canlion is 
necessary ; as in tbeee cases the antesthesia deepens after 
the remoTal of the face-piece, so that it is neither neces- 
aary nor advisable to start with any deep amount of in- 
sensibility, 

" It is perfectly safe to administer this agent to epileptic 
patients. I hare met with scTeral ca^es where theextmction 
of a tooth, without gas, has produced an epileptic attack, 
but I have never seen one occur when gae has been given. 
A little time ago I accompanied a soi^eon to a case of 
circumcision, on a boy, about 2i years old. On entering 
the room I found the patient lying on the floor, in a yery 
severe epileptic fit. In a short time lie became partially 
awake, and not seeing any good reason for waiting, I 
ancesthetiBcd him there and then ; and, after the operation, 
he recovered in the usual way. 
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" Great age is no bar to the admin ietration of nitrouB 
oxide ; my oldest patient, a lady, haring reached the age 
of ninety-four." — Eraine, 'Journal of Britisli Bental 
Association,' Dea 1884. 
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NOTE G. 



HEA.BT Disease as a Complication. 

"It happened not long ago tbst an elderly lady, whose 
mamnue I i«moTed for sciirhnB, died a few days after the 
operation from the singolar complication of perforation of 
the dnodeuum by an ulcer, caused apparently by the 
irritation of gaJl stoneB. She had taken the chloroform 
quite well, bat I found on poet-mortom examination that 
the heart was affected with as extreme a degree of fatty 
d^eneration, and at the same time thinning of the ventri- 
cular walls, as I could well imagine to be conBisfent with 
the maintenance of circnlation." — Lister, Holmes' System, 
Tol. iii. p. 614. 

Here is a oaee in which, had the patient died during the 
antesthesia, a cleat case of " heart disease " causing death 
would have been made ont. As a matter of fact, a great 
deal of anxiety about heart disease in connection with, 
ameethetics has arisen simply enough — by thiowii^ the 
blame of every death upon the heart. ' The existence of a 
weak heart is supposed to be a sufficient cause of death 
without farther enqoiry. 
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NOTE H. 



Dkath fbok FuaHT. 

Da. Snow leoonnts a case in which the patient died of 
fright because the ansathetiBt made a pratenoe of ad- 
ministering chloroform, that is, he had not leally bc^nn 
to give it, bat was allowing the patient to breathe 
nearly pnre aii. 

Lister qnotea a case (Holmes' Syst. toI. iii. p. 600), in 
which " the late Br. Bichaid Mackenzie, being called to 
Bee a gentleman who had fractnred his radios, had some 
thought of employing chloroform in examining the arm, 
but changing his mind, made the necessary manipula- 
tions without it. He then proceeded to leare the honse ; 
bnt had not got down the steps leading from the door 
when he was called back, with tiie anaoouoement that his 
patient had suddenly e:ipired." 
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G— TwD-w>j Elopoock tar conoMtlng Faoepieix uid Cittllii's Big. 
I>— HmDt uuched lo Uohtic Tubing of CittlLa'i Bm- 
E— Uount for holding eltber in Eth«[ or a SnpplenunUl Big. 
F— Mohilr Tubing lending to CUtUa'a Big. 
G — EtltB Big or Supplsmentil Big. 

H— Cip lo coTU UoDDt when (be Ether or Supplementil Big Is not nied. 
This FiceplMe Is furnished with moieiUe iDdli'mbher ftA. 
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Mb. CLOVER'S FACEPIBCB. 
(Fig. 4.) 
One great advantage of the Supplemental Bag (O) is 
that, while it contiuuea to empty itself and refill, there 
can be no doubt that respiration ia being properly per- 
formed ; it is an unfailing index of the state of this 
all-important function. During the early stages of the 
adminiBtiation some patients hold their bieath, thereby 
delaying the operation, and causing great discomfort to 
themselves in the form of a painfol sense of suffocation ; 
this may be done almost unconsciously, but the admini- 
strator can detect it at once by the 'cessation of the 
movementtt of the Supplemental Bag. He should tell the 
patient to breathe outwards, and the inspiration will follow 
the expiration as a matter of course. Lastly, there is no 
need for alarm if the breathing appear very dow, because 
the time between the respirations may seem much longer 
than it really is. To reassuie himself upon this point, the 
administrator need only regulate his own lespirations by 
those of the patient, and he will probably find the appar- 
ently long intervals do not produce any particular sense 
of discomfort This plan is much to be recommended, for 
if adhered to it ensures attention being fixed upon the 
patient's breathing, and thereby contributes to the absolute 
safety of the anfesthesia. 
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APFESDIK. 
CONICAL FACEPIECE. (Fig. 6.) 



FLEXIBLE FACEPIECE. (Fig. 6.) 



Daeriplion: 
3 Valve. B^LuFlnlaiy Tube, 
g «ltl»r > SupplemenUl or sn EtlKI Big. 



PEDAL ATTACHMENT FOE LIQUID QAS 
BOTTLES (Mr. Ci-aekson'b). 

B; the use of this Attach- 
ment the gas is ander the 
entire control of the ad- 
ministrator, and his hands 
are nntettered. He is thus 
enabled t^ give his atten- 
tion to the Facepiece, &c. It 
has alEO another advantage, 
namely : the foice of the 
gas is hroken by the Brass 
Pillar in ite passage from 
the Lottie to the CatUin's 
Bag. 

Description : 
A — Brass pillar vith iron 

base. 
B— Union tor attaching 

to gas bottle. 
C — Male screw to which 
the Cattlin's hag is 
fixed. 
D — Tap leading to bottle. 
■ E — Foot key for releas- ' 
ing the ga^. 
F-— Spanner. Fig 7. 

Directions /or use : 

Connect the bottle to the attachment by moans of the 

nnion B ; fit the union of the Cattlin's bag on to the male 

screw C ; open the tap of the bottle, place the foot key on 

the attachment and release the gas by gently unscrewing. 



F[g 8.— 0*B Stakd. 

# #' 

Fig. !i.— Dorw.E Umos. 
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LIQUID GAS BOTTLE STAND. 

For tcce in the Operating Room. 
(Hr. Napieb's.) 

VaeripUon : 

Thia appoiatus is designed to hold two bottles of Liquid 
Gas — which are secured in position by rings and thumb- 
acxewa — and is fitted with a Double Union, which connects 
both bottles with the Facepiece. 

By this arrangement the bottle in nse can be entirely 
emptied without fear, for should there not be sufficient 
gas in it to complete on operation, it is only necessary to 
turn on the other bottia 

After the operation is completed, if another fall bottle 
is not to band, the Doable TTnion can be remored, and the 
Union of the Cattlin's Bag Axed to the remaining bottle, 
while thb empty one is being lefilled. 
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GASOMETER FOR LIQUID GAS. 

For Me in tAe Operating Room. 

This Gasometer ie 
made eipreesly for 
holding Liqmd Gas, 
to bo iiEed in the Ope- 
rating Boom. The 
bottle, containing the 
gas, is held under- 
neath by two iron 
rings secured with 
two screws, and is 
attached to theGaso- 
inet«r by means of 
the union on the bent 
pipe shown in the 
engraTine. The brass 
tube with stop-cock, 
over the bent pipe, ie 
for connecting the 
Gasometer with the 
Mohair Tubii^ to 
which the Facepiece 
is attached. The 
central brass rod, 
whioh is divided into 
intervals of two gal- 
lons each, indicates 
Ffg- 10- the quantity in the 

Gasometer at any 
given time. To insure having sufficient for each opera- 
tion, it should be filled for each patient. 

When the bottle is empty, it can be replaced by a full 
one in a few minutes. 

Most of my readers who remember the Dental Hos- 
pital, Leicester Square, in the days before Mr. George 
Parkinson's great improvements, as regards the making 
of the gas, were carried out, rcmomber this apparatns. 



PORTABLE LIQUID GAS CASE. 

To hM Complete Ouffil for the AntsstltetUt when visiting. 



' Hg. 11. 

In additdon to the bottle of gas tmd Cattlin's Bog shown 
in the cut, the case will hold a Facepieee, Supplemental 
or Ether Bag, Two-way Stop-cook, Gags, &c. 

Probably the special reqairements of each anccBthetist 
wonld lead to his adapting and arranging a bag that 
exactly Buils him ; the abovo is, however, a vety neat and 
compact airangement. 
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ETHEB INHALER. 
(De. Obkbby'b.) 



Directions for tue. 

Porn one ounce of Anhjdrons Ethor— spociflc graTity 
0-720— on the sponge in the cone-shaped wire cage, and 
the Inhaler is ready for nse. After eight or nine good 
inapiiatione of Nitrons Oside, change the Gas Focepiece 
for the Inhaler. Thia mnst bo done very rapidly, so that 
the Nitrous Oxide which the patient gets rid of by the 
first eitpiration passes through the sponge and becomes 
chaiged with Ether vapour for the firet inspiration. Com- 
plete anteethesia is produced in about two and a half 
minates. 
The illustration on the next page shows the Inhaler in 

This B^ possesees the same advantage as the Supple- 
mental Bf^ (shown in Fig, 4, page Si) in so for that 
its rhythmical emptying and refilling indicate to the ad- 
ministrator the exact state of the function of respiration. 
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Fig. 13. 
Deecrlption : 
No. 1. Flexible India-rubber Bag covered with netting 
to prevent nadue expansion daring expiration. 
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No. 2, Fftcepiece of soft metal, which can be readily 
moulded to any faeo, covered with leather and 
provided with moveable India-rubber Pad, 

The valve of the Facepieoe aervea for two purposes r 

A. 'lo admit air if required, or to allow its eecape if 
necesBary. 

B. Additional Ether can be poured down the tube lead- 
ing to the sponge without removing the Facepiece. 

I may add that the po!iition indicated in the figure is 
not such aa would be advisable during a dental operation, 
the sitting poBtnre being of course preferable. 



CHLOROFORM INHALER. 
(Me. Bird's.) 
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CHLOROFORM INHALER. 

(JrNKBB'B.) 



Fig. 15. 

This Inhaler acta on the eamo pi'inciplc a. 

scent-spray. The syringe-like part enda in a tube that 
pierces the stopper and goes down nearly to the bottom 
of the bottio ; the tabo ending in the fscepiece com- 
mences in a stiff portion that only just pierces tlie stopper. 
The bottle is tilled with the auiesthetic, the littJe hook 
is attached to the operator's button-hole, the syringe 
ball is alternately squoezcd and relaxed, and within a few 
seconds a tiue spray puescs through into the facepiece. 
Some maintain that only about four per cent, of the 
Tapour can be blown through; of course the higher 
the temperature the more vapour will pass through. 
Mr. Eailey adjusts a mouthpiece like that of a baby's 
bottle, instead of the facepiece, for long mouth operations, 
such as cleft palate, &c. 
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MOUTH OPENEB. 

As will be seen from 
the eDgrayiDg the blades 
of tliia instrmnent are 
provided with tiansTerGe 
slota to prevent Blipping. 
By means of the f.hnmb- 
ficrew great power can, if 
noceaaary, be gradually 
applied. 

It iB usually advisable 
to introduce the iiistra- 
ment at some point where 
there is a tooth deficient, 
but should there be no 
gap, it is possible with 
care to insinuftte the thin 
blades between closed 
teeth. The idea of pad- 
, ding the working surfoce 
of the instrument does 
Pig. 16. rot appear to me very 

useful, OS the padding 

would be always torn off in any attempt to force the 

bliidcs between the teeth. 
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TONGUE F0KCEP8. 



Teis to mj min 
fonn of Tongue 
can be employe 
does not Blip, a 
enongh to do al 
qnired of it Tl 
rations on the ii 
of the blades are 
rice in Bccnring 
and the elight pc 
they make prol 
the reflex stimuli 
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ADJUSTABLE GAG. 

(Mb. F. Maboh's.) 
Tbib Gag can be secured at any. height b; means of the 
adjusting screw on the moveable rod A. The beaks are 
padded with india-rubber, for the patient to bite t^ainst^ 
to protect the enamel of the teeth from injury. 

It is of great importance that the joint should work 
very loosely, and that the little screw should be so 
adjusted as to Bdmit of the handles being opened and the 
blades closed. If it is difBonlt to work with one hand, 
it is woBse than useless, because, on those occasions when 
it is required, there is never any time to be lost in 
fumbling with the screw, quickness of application being 
absolutely essential to its successful employment. 

It will be found very useful when the ordinary gag slips 
and the mouth spasmodically closes, and also when the 
operator desires to extract on both sides at one sitting, 
and success depends npon the rapidity with wh;ch the 
gag can be chained from one side of the mouth to the 
other. 

It is likewise important when the beaks are shut and 
Uie handles fully extended, that the latter should not be 
BO far apart that they cannot be fairly grasped with one 
hand. 
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MOUTH GAGS. 
The Month Gag, illustrated in Pig. 19, 
appears to me, among many good ones, to 
be the best. The essentialB in a gag are : 

1. That it should be as little in the 
wa; aa possible. 

2. That it ahonld n«uer dip. 

3. That it should U easily deaned. 

I It is better to have several sizea than 
I one which will adjust, for the simple 
< reason that the adjusting part, whether 
it be a screw or a spring, has the appear- 
ance of h&sg difficult to clean, and ap- 
Fig- li". pearanee is very important when a fas- 
tidions patient has to hold an object in hia or her mouth 
for some tima It is a comfort to see at a glance that it 
can be perfectly cleaned in a few seconds. The gag 
here shown, being made of metal, nickel- plated, has this 
advantage to perfection ; and the shape is calculated to 
prevent it from slipping when used at the side of the 
mouth, because the teeth rest the whole surface of the 
pads, instead of only on one comer. 

Two gags should always he connected by a strong thread 
to prevent the possibility of the one in use being 
swallowed. A couple of corks tied together with a V-shaped 
incision at each end, will form a workable, though very 
clumsy mate-shift ; bnt gEigs made of wood, cork, or any 
absorbent material, should bo destroyed after having been 
used once, for self-evident reasons, and this constitutes, I 
think, a serious objection to their employment. 

The above shape was first shown to me by Mr. Pillin, 
a late house sui^eon at Leicester Square, who kindly 
made several in vulcanite for me. I cannot conceive of 
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APFESmX. Ill 

anjiihmg better, firmer or cleaner, bnt I think the metal 
ones, which Hessre. Ash and Sous nndertook to make at 
m; Buggeation, look cleaner, and are freefrom HmeU. 

I msjr add that it ie a somewhat dangerous habit to pnll 
away the gag, and operate without. I have seen some 
ver; bad bites lesnlt from the practice, in nitrons oxide 
cases, but the musonlar relaxation under ether renders 
the gag lees important. 

While going to press, two very interesting cases have 
been brought to my notice by my friend Mr. Al&ed Smith, 
which, although very esceptiomtl, bo far as I am aware, 
demand attention. 

The first was the case of a healthy yonng woman, 
with apparently strong teeth. Ur. Smith intended to 
remove a molar on each side of the upper jaw, and the 
patient, who c<Hnplaiited of (eiidemess in a lateral tooth, 
be^ed that the gag might be allowed to rest on the 
central only. This was done, bnt as soon as she became 
nnconscions the mouth closed, and forced the central clean 
out of its socket The tooth'was replaced, but there was 
nothing to indicate beforehand that it was not firmly im- 
planted, or to raise the snspicions of the surgeon. The 
other case was .one of a canine which stood alone, and 
such teeth are never supplied with much alveolus ; this 
also was forced from ita socket. 

The moral I would deduce from these cases is this : 
first, never place the gag further forward than the bicus- 
pids if it can be helped ; but if this is nnavoidable, place 
it between the inoiaorB and select a gag which involves 
two or more teeth ; and, accondly, beware of applying thfl 
gag to upper front teeth which project much, for the 
danger in snch cases is considerably increased. 
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For the eoovoiiiciico of tliose whu differ from ii 
insert livu of tho best Spring Giik!*- 
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MOUTH GAGS. 
Beecriptiim : 
Fig. 20. Spring Qfkg in eteel, niokel-plated, ^th gntto- 
petob padB for the patient to bite into, to 
prereut slipping. By means of the irnt shown 
on the sciev of the nppcr pact, it oan be 
adjtiBted at an; height 

Fig. 21. Sprii^ Gag (Mr. Bnck'e) in steel, nickel-phtted, 
with screw to raiee and lower, india-mbber 
pads, and knuckle-joint which adapts itself to 
the dental arch. 

Fig. 22. SpiingOag(Mr.Woodhoa8eBraine'8) in ebonite. 

Fig. 23. Spring Gag (Mr. McAdam'a) with ivory centres, 
Tnlcanite ends, and soft india-rubber pads. 
The point on the handle is placed in the holes 
shown in the illustration until the patient 
bites the pads, when it is released, and, being 
attached to the stem of the gag by means of 
stout silk cord, allowed to hang out of the 
mouth. 

F^. 24. Hinged Gag (Mr. Hutchinson's) with steel spriiy; 
nickel-plated. When applied, it-can be swung 
against the cheeks, out of the way during 
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OKAL NET SPOON. 

(Mr. T. a Caetbb'b.) 

Pig. 25. 




dvi-iiiy txtTOcUoTii auder Anaxthrlit 



Mb. Cabteb gives the following description of this in- 
strument in the Joamal of the BrUith Dentai Associatkra 
for January 1885 :— 

" Owing to the increasiDg iise of AEKistbetics for Dental 
purpoees a serious danger hoe arisen, viz., that of a tooth 
or stomp escapii^ from the forceps and passing into the 
lorjDs vrhen the patient is in a recumbent position and 
under the influence of an annsthetic. The position 
f^Tonrs its falling backwards, and the lessened sensibility 
of the glottis, added to the rush of the current of air 
daring an inspiration, renders the patient particularly 
liable to the occurrence of on accident of this kind. 

"By the use of this instrument not only may an 
obrions danger be avoided, but a great source of anxiety 
is removed from the mind of the operator." 
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Fig. 26. Fig. 27. 
Simple Fiobaags, curved and straight 
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DBESSING FORCEPS, &c. 



^ 




Figs. 28, 29. Dresamg Forcerw. 
Fig. 30. Scalpel. 
„ 31. Tracheotomy Tube. 
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